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FOREWORD 


The Textbook of Iatrogenic Pathology represents a transdisciplinary collection of the main 
effects of drugs and medical interventions encountered in daily practice. It is edited by two 
pathologists with significant experience in autopsy who are also teaching the under- and 
postgraduate students in field of iatrogenic pathology. 


The book is split in two parts. The first part that comprises 13 chapters was mainly 
synthesized by pathologists based on the literature data and practical aspects observed during 
daily autopsies. In the 6 chapters of the second part, the doctors involved in the clinical 
practice have presented the specific aspects of their surgical or medical specialties. 


This book is a necessity for all persons involved in the patient’s care, from student to 
professor and represents at the moment the largest collection of aspects related to iatrogenic 
pathology. It is an original and complex book that include the newest aspect of iatrogenesis. It 
is always important to learn all our life not only from direct/positive evidences, but also from 
missing facts or/and medical errors. 


I strongly recommend publication of the Textbook of Iatrogenic Pathology as a necessity for 
awareness of medical staff in the field of consequences of the medical facts. 


Prof. Marius Raica 

Rector of the University of Medicine and Pharmacy, 
Timisoara, 

Romania 


PREFACE 


The Textbook of Iatrogenic Pathology concerns doctors and medications. Iatrogenic is a word 
that derives from the Greek “iatros”, which means “doctor” or “medicine”, and “genic”, 
which means “induced by”. Thus, the book comprises a basic synthesis of the consequences 
of medical diagnostic or therapeutic procedures, as well as the main side effects of 
medications in daily use. 


In the present book, the authors aimed to present the interdisciplinary features of iatrogenic 
lesions. The book is based on the opinions of doctors from several disciplines, including 
pathology, surgery, intensive care, neurology, metabolic diseases, etc. In reviewing the 
existing literature, we did not find complex studies or large syntheses in this field, and 
therefore consider this book to be very useful to clinicians of all medical specialties. 
Moreover, the co-editor of the book founded the Department of Iatrogenic Pathology in our 
university and we offer, every year, lectures in this field for medical students (MD students, 
dental medicine students and nurses). Our practical experience (editor and co-editor) based on 
the lectures and everyday autopsies (we perform more than 200 autopsies per year), along 
with collaboration with clinicians, guarantees the complexity and originality of the present 
book. 


The book is organized into two main parts. The first (13 chapters) is written by pathologists 
and describes iatrogenic lesions (adverse drug reactions, lesions occurring during diagnosis 
and as consequences of therapeutic interventions) of the organs and systems. These chapters 
include practical examples from our daily practice in the Department of Pathology. The 
second part (six chapters) is written by clinicians and describes specific lesions induced by 
surgery, neurology, etc. 


The following main chapters will be included: adverse drug reactions; radiation-induced 
lesions (through radiotherapy); iatrogenic immunopathology (including pathology regarding 
organ and tissue transplantation); iatrogenic lesions of the cardiovascular system; iatrogenic 
lesions of the lung and airways; iatrogenic lesions of the digestive tract (mouth, pharynx, 
esophagus, stomach, small and large bowel); iatrogenic lesions of the peritoneum and 
abdominal cavity; iatrogenic lesions of the liver, bile ducts and pancreas; iatrogenic lesions of 
the kidney and urinary tract; iatrogenic lesions of the female genital organs and breast; 
iatrogenic lesions of the male genital organs; iatrogenic lesions of the bone marrow and 
lymphoid tissue; iatrogenic lesions of cutaneous tissue; iatrogenic lesions in endocrinology; 
iatrogenic lesions in neurology; iatrogenic lesions in anesthesiology and intensive care; 
iatrogenic lesions in general and thoracic surgery; iatrogenic lesions in gynecology and 
obstetrics; and iatrogenic lesions in neurosurgery. 


This book is for those who already have a basic understanding of the mysteries of the human 
body and have decided that they are ready to treat it. It is for young residents who believe that 
they already know all about medicine and its pitfalls. If you decide to read it, try to perform a 
self-assessment of your medical aptitudes. If you feel that the medical mistakes outlined here 
can easily occur, try to discover how they can be prevented. If you feel that they cannot 
happen to you, try to read more on the subject. 


Finally, do not forget that honesty is a doctor’s best policy and that the real physician is one 
who chooses to learn, to study, to be informed and to collaborate with his/her colleagues. 


iii 


To treat and help others, to be a doctor, can be a pleasure and can be a challenge, but it is also 
a daily choice. From time to time, a doctor cannot treat or help a given patient, and may make 
mistakes. This is a reality. To judge, to know, to think, to ask — these are the grounding 
secrets of a physician, and are mandatory to prevent mistakes becoming habits. 


Prof. Simona Gurzu 

Head of Department of Pathology, 
University of Medicine and Pharmacy, 
Tirgu-Mures, 

Romania 


& 


Prof. Ioan Jung 

Department of Pathology, 

University of Medicine and Pharmacy, 
Tirgu-Mures, 

Romania 
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ABBREVIATIONS 


5-FU =5-fluorouracil 
ACE = angiotensin-converting enzyme 
ADR = adverse drug reaction 
AGEP = acute generalized exanthematous pustulosis 
AIH = amiodarone-induced hypothyroidism 
AIT =amiodarone-induced thyrotoxicosis 
ALI = acute lung injury 
AMP =cyclic adenosine monophosphate 
AMPK = adenosine monophosphate-activated protein kinase 
ARDS = acute respiratory distress syndrome 
ASCUS = atypical squamous cells of undetermined significance 
ATLS = advanced trauma life support 
ATP = adenosine triphosphate 
BBB = blood-brain barrier 
BCG = Bacillus Calmette—Guerin 
BMI = body mass index 
BMS = bare metal stent 
BPH = benign prostatic hyperplasia 
BVS = bioresorbable vascular scaffold 
CBD =common bile duct 
CBG =corticosteroid-binding globulin 
CIN =cervical intraepithelial neoplasia 
CK = creatine kinase 
CMV =cytomegalovirus 
CN = Consciousness 
CNS =central nervous system 
COPD = chronic obstructive pulmonary disease 
CSF =cerebrospinal fluid 
CT =computed tomography 
CTP =corticotroph tumor progression 
CU-ADR = cutaneous adverse drug reaction 
CYP3A4 =cytochrome-oxidase 3A4 
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D, receptor = dopaminergic receptor 2 
DCO = damage control orthopedics 
DES = drug eluting stent 
DETA = Diethylenetriamine 
DHEA = dehydroepiandrosterone 
DIC = disseminated intravascular coagulation 
DIND = drug-induced neurological disorders 
DM = diabetes mellitus 
DRBA = dopamine receptor-blocking agent 
DRESS = drug reaction with eosinophilia and systemic symptoms 
EBV = Epstein-Barr virus 
ECG = electrocardiogram 
EEG =electroencephalography 
EGF = epidermal growth factor 
EGFR = epidermal growth factor receptor 
EMA = European Medicines Agency 
EORTC = European Organization for Research and Treatment of Cancer 
EP =encephalopathy 
ePTFE = polytetrafluoroethylene 
EPPER = eosinophilic, polymorphic and pruritic eruption associated with radiotherapy 
EQ-5D = EuroQol five dimensions questionnaire 
ERC = European Resuscitation Council 
ERCP = endoscopic retrograde cholangiopancreatography 
ESR = erythrocytes sedimentation rate 
EUS = endoscopic ultrasonography 
FAP = Familial Adenomatous Polyposis 
FDA = Food and Drug Administration 
FEF = forced expiratory flow 
FEV = forced expiratory volume 
FGF = fibroblast growth factor 
FGS = female genital system 
FNA = fine needle aspiration 
FRC = functional residual capacity 


FSH = follicle stimulating hormone 


Abbreviations 


GAPPS = gastric proximal polyposis of the stomach 
GAVE = gastric antral vascular ectasia 
GERD = gastro esophageal reflux disease 
GH = growth hormone 
GI = gastrointestinal 
GnRH = gonadotropin-releasing hormone 
HBV = hepatitis B virus 
HCC =hepatocellular carcinoma 
HCV = hepatitis C virus 
HE = Hematoxylin-Eosine 
HHV = human herpes virus 
HIV = human immunodeficiency virus 
HLA = human leukocyte antigen 
HPV = human papilloma virus 
H-SIL = high-grade squamous intraepithelial lesion 
HTLV = human T-cell lymphotropic virus 
HV = herpes virus 
IBD = inflammatory bowel disease 
ICU = Intensive Care Unit 
Ig =immunoglobulin 
IL = interleukins 
IR = insulin-resistance 
ITP = idiopathic thrombocytopenic purpura 
IUD = intrauterine device 
JCV = John Cunningham polyomavirus 
JGCA = Japanese Gastric Cancer Association 
LG = lethargy 
LKB1 = liver kinase B1 
LSD = Lysergic acid diethylamide 
L-SIL = Low-grade squamous intraepithelial lesion 
MDMA = 3,4-Methylenedioxymethamphetamine 
MET = mesenchymal-epithelial transition 
MRCP = magnetic resonance cholangiopancreatography 
MRI = magnetic resonance imaging 


MS = muscular system 
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MSOF = multisystem organ failure 
mTOR = mammalian target of rapamycin 
mTORC1 = mammalian TOR-complex 1 
NAION = non-arteritic ischemic optic neuropathy 
Nd:YAG =neodymium-doped YAG 
NGAL = neutrophil gelatinase-associated lipocalin 
NHLBI = National Heart, Lung and Blood Institute 
NMJ = neuromuscular junction 
NO = nitrogen monoxide 
NS =non-specific 
NSAIDs = non-steroidal anti-inflammatory drugs 
PCI = Percutaneous Coronary Intervention 
PDE = phosphodiesterase 
PDGF = platelet-derived growth factor 
PEEP = positive-end expiratory pressure 
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CHAPTER 1 


Adverse Drug Reactions 


Ioan Jung and Simona Gurzu’ 
Department of Pathology, University of Medicine and Pharmacy, Tirgu-Mures, Romania 


Abstract: This chapter includes general aspects regarding the definitions and 
mechanisms of occurrences of adverse drug reactions (ADRs). They can be realized 
through non-immunological (type A reaction) or immunological (type B reaction) 
pathways and can be dose-dependent or independent. A new type of ADR is 
encountered in oncology departments in patients taking monoclonal antibodies. It is 
known as drug-induced apoptosis and is presented in this chapter. The mechanisms and 
classification of the severity of these reactions, as well as the particularities of acute, 
chronic and chronic-delayed ADRs, are also explored. The severity can be patient- or 
drug-related. In the chapters that follow, specific system- and organ-related ADRs are 
presented. 


Keywords: Acute, Adverse drug reaction, Allergy, Apoptosis, Ahronic, 
Hypersensitivity, Iatrogenic, Idiosyncrasy, Monoclonal antibodies, Recurrent. 


INTRODUCTION 


Adverse drug reactions (ADRs) are defined as unwanted reactions associated with 
drug intake [1]. According to the World Health Organization (WHO), an ADR is 
defined as “a response to a drug which is noxious and unintended, and which 
occurs at doses normally used in man for the prophylaxis, diagnosis, or treatment 
of disease, or for the modification of physiological function” [1]. It has been 
estimated that ADRs are associated with 10-20% of all drugs, yet the real 
incidence is unknown and the importance of these side effects is often 
underestimated [2, 3]. 


Based on their severity, ADRs are classified as low, moderate or severe, and can 
have a lethal evolution. The Food and Drug Administration (FDA) considers a 
serious adverse event to be one that impacts the patient’s outcome in one the 
following ways: leads to a threat to the patient’s life or induces the patient’s 
death; leads to prolonged hospitalization; gives rise to a congenital anomaly (in 
pregnant females); or induces disability or requires supplementary interventions 
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to avoid permanent disability [4]. The main ADRs that can induce the patient’s 
death are the following: fulminant bleeding from an iatrogenic peptic ulcer or 
occurring as a side effect of anticoagulant or chemotherapeutic drugs, severe 
aplastic anemia, hepatorenal failure, septic shock, anaphylactic shock, ete. [5]. 


In the United States, it has been estimated that approximately 3-7% of all hospital 
admissions are due to an ADR [6], 10-20% of which are severe [7]. The incidence 
of ADR-induced mortality is about 0.5-0.9%, but this is known to be an 
underestimate [8]. 


An ADR is a multifactorial process that can affect the skin, liver, kidneys, bone 
marrow, blood vessels, gastrointestinal (GI) tract, lungs and other organs and 
tissues. In this chapter, basic features regarding ADRs are presented, while 
system- or organ-related reactions are included in the following chapters of this 
book. 


Types and Mechanisms of ADRs 


Based on the time of appearance, ADRs are classified as acute, chronic or 
chronic-delayed reactions. They occur during a single dose or a single cycle of 
therapy (acute ADRs), or can be dose- and time-related. A drug-induced reaction 
that occurs after 10-12 months of treatment is considered a chronic ADR, whereas 
chronic-delayed effects are realized years after treatment. Recurrent ADRs can 
also be identified in clinical practice [9]. 


Regarding the mechanism of occurrence, in 1977 it was observed that ADRs 
could be pharmacologically-induced (type A) or the result of idiosyncratic lesions 
(type B) [10]. The most common ADRs (80%) are type A reactions that are dose- 
dependent and can be reversible after drug cessation [7, 11]. About 75-80% of 
type A reactions are predictable [11]. Type B reactions are immune-mediated, 
cannot be predicted, are dose-independent and occur only in susceptible 
individuals [1, 7]. 


Based on their mechanisms, ADRs are also classified as specific (immune 
mechanisms and nonallergic hypersensitivity) and non-specific. Non-specific or 
non-immunological reactions (type A) can be induced by overdose, direct side 
effects or drug interactions [1, 12]. The toxic effect can be dose-dependent or a 
result of metabolic disorders (slow hepatic detoxification) or renal failure 
(delayed elimination). Non-medical drug overdose, whether accidental or 
intentional, is not considered an ADR. Pharmacological side effects refer to drug- 
induced disorders at therapeutic doses [12]. 
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In hospitalized patients, sedatives and hypnotics, respectively opiates and 
narcotics, are considered the leading sources of ADRs, followed by steroids, 
antibiotics and anticoagulants. As a result of drug interaction, a specific effect of a 
medical agent can be diminished or amplified. For example, barbiturates such as 
phenobarbital can diminish other drug effects as a result of hepatic enzymes 
activation. The antibiotic drug rifampin accelerates the renal elimination of drugs 
used in cardiology, such as verapamil. The histamine receptor antagonist 
cimetidine affects the metabolism and inhibits the excretion of several drugs, such 
as the antimalarial hydroxychloroquine, psychoactive medications and nifedipine, 
and doubles the half-life of zolmitriptan (used for migraine attacks) [5]. 


A distinct mechanism of non-immunological ADRs is drug-induced apoptosis. 
This is specific to the latest monoclonal antibodies used in medical oncology for 
individualized treatment (e.g., bevacizumab, rituximab, adalimumab, cetuximab, 
trastuzumab, etc.) and other drugs such as the anti-acne isotretinoin (13-ci- 
-retinoic acid). Apoptosis is a consequence of drug-induced formation of 
apoptotic protein tumor necrosis factor-related apoptosis-inducing ligand 
(TRAIL) and neutrophil gelatinase-associated lipocalin (NGAL). Due to the risk 
of teratogenicity, oligohydramnios and poor neonatal outcomes, these drugs are 
not recommended for use during pregnancy. In animals, drug-induced apoptosis 
has been proven to decrease hypothalamic cell numbers and to induce depression 
[13, 14]. 


Specific or immunological reactions (type B) are dose-independent, difficult to 
predict and occur at doses tolerated by normal subjects. They include immune- 
mediated lesions and nonallergic hypersensitivity [1, 11]. 


Nonallergic or _pseudoallergic hypersensitivity which is also known as 
idiosyncrasy or intolerance, is defined as the unusual or unpredictable effect that 


might be induced in a particular patient at usual doses as a result of enzymatic 
deficiency or through a genetic mechanism [1]. It can be a life-threatening 
disorder. 


Immune mechanisms or allergic (IgE-mediated and _non-IgE-mediated) 
hypersensitivity_reactions are the result of activation of one of the four 
hypersensitivity reactions: type I (IgE-mediated), type II (cytotoxic), type III 
(immune complex) or type IV (cell-mediated) [1, 5, 11]. Anaphylactic reactions 
(type I hypersensitivity) can be mild, moderate or severe (anaphylactic shock) and 
are not dose-dependent. They are realized as cutaneous eruptions, fever, 
eosinophilic pneumonia and, infrequently, thrombocytopenia and anemia. Other 
rare manifestations of allergies are vasculitis (e.g., penicillin, sulfonamides, 
iodine, etc.), interstitial nephritis (methicillin) and hepatic injury [5]. Cytotoxic 
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reactions (type II hypersensitivity) are involved in the pathomechanism of drug- 
induced hematological disorders (quinidine-induced thrombocytopenia, penicillin 
or methyldopa-induced hemolytic anemia). Immune complex-mediated reactions 
(type III hypersensitivity) occur as a result of the antigenic role of medications 
[5]. Serum sickness is a specific self-limiting disease characterized by vasculitis, 
hematological disorders and cutaneous lesions that occur approximately 10 days 
after passive immunization as a result of a type III hypersensitivity reaction to 
proteins from a non-human animal antiserum (e.g., antitetanic, anti-lymphocyte, 
anti-diphtheritic anti-botulinic serum) or drugs. Chronic-delayed ADRs are 
mediated by T lymphocytes through cell-mediated (type IV) hypersensitivity. The 
specific lesions induced through the four hypersensitivity reactions are presented 
in Chapter 3. 


Adverse reactions induced by non-steroidal anti-inflammatory drugs (NSAIDs) 
are considered a new specific group of ADRs that involve both non- 
immunological (type A) and immunological (type B) mechanisms. They are also 
known as NSAID-induced hypersensitivity reactions, are dose-related and occur as 
a result of the direct pharmacological action of the drug (anti-prostanoid, anti- 
cyclooxygenase) [1]. The criteria of classification were proposed in 2001 by 
Stevenson et al. and were later modified by the European Academy of Allergy 
and Clinical Immunology’s Task Force on NSAIDs Hypersensitivity [1, 15]. The 
type A effects of NSAIDs are dose-related and mainly relate to the GI disorders 
that are presented in Chapter 6. The type B effects of NSAIDs are grouped 
according to allergic and nonallergic effects. The allergic (selective) effects of 
NSAIDs are rare and include urticaria, angioedema, anaphylaxis and NSAIDs- 
induced delayed hypersensitivity. The nonallergic/non-immunological effects (the 
old idiosyncrasy) are cross-reactive and can be responsible for the occurrence of 
urticaria, angioedema or exacerbation of a cutaneous or respiratory disorder [1]. 


Severity of ADRs 


The patient-related factors of severity of non-immune ADRs are the following: 
female gender, older age, associated severe comorbidities (renal failure, hepatic 
disorders, systemic lupus erythematosus), polypragmasia, associated viral 
infections (e.g., human immunodeficiency virus [HIV], herpes virus, 
cytomegalovirus), alcohol consumption, etc. Females, asthmatic patients, users of 
beta blockers and patients with HIV and other autoimmune disorders, such as 
systemic lupus erythematosus, have a higher risk of developing hypersensitivity- 
related ADRs [11, 16]. 


The Drug-Related Factors of Severity refer to the chemical properties and 
molecular weight of the drug. For example, it is known that heterologous sera 
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(non-human proteins) are highly immunogenic, but other drugs may also have 
immunogenic properties by coupling with proteins to form haptens (antigen- 
antibody immunogenic complexes) [11]. The risk of developing hypersensitivity- 
related ADRs also depends on the route of drug administration. The most 
common allergic phenomena occur after intramuscular or intravenous drug 
administration [11]. 


In Chapters 4 to 13, the specific system- and organ-related ADRs (drug-induced 
lesions) will be presented in detail. Drug-induced neurological disorders are 
presented in Chapter 14 and endocrine disorders are included in Chapter 15. The 
specific disorders occurring in intensive care units are presented in Chapter 16, 
those related to gynecology and obstetrics are covered in Chapter 18 and drug- 
induced ototoxicity is extensively examined in Chapter 21. 
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CHAPTER 2 


Radiation-Induced Lesions 


Simona Gurzu' and Ioan Jung 
Department of Pathology, University of Medicine and Pharmacy, Tirgu-Mures, Romania 


Abstract: This chapter includes general aspects regarding the mechanisms of 
radiation-induced lesions and specific organ-related effects of radiotherapy, from the 
cardiovascular system to bone marrow. For oncologists, understanding the mechanisms 
of radiation-induced carcinogenesis and knowing the estimated time taken for post- 
radiotherapy occurrence of metachronous tumors is mandatory for proper patient 
follow-up. We here analyze all lesions of the skin and internal organs, leaving aside 
tumors for this chapter. The acute and chronic effects of radiotherapy are presented in 
detail, and the grading system of oral mucositis is also outlined. 


Keywords: Actinic enterocolitis, Bone marrow, Bronchiolitis obliterans, 
Dermatitis, Endarteritis obliterans, EPPER-syndrome, Iatrogenic, Malignancy, 
Mucositis, Pneumonitis, Radiation enteropathy, Radiodermatitis, Radiotherapy, 
Reticuloid syndrome, Sweet’s syndrome, Vasculitis. 


INTRODUCTION 


In medical practice, radiation is used for diagnosis (0.1-10 mSv per procedure) or 
therapeutic purposes (20-60 Gy per targeted tissue). Two types of ionizing 
radiation are used for radiotherapy: photon radiation (X- or gamma-rays) and 
particle radiation (electrons, protons, neutrons, carbon ions, alpha and beta 
particles). Photon radiation is used for deep tumors, while electron beams are 
produced by a linear accelerator and are useful for treatment of cutaneous tumors 
and cancers that are close to the surface of the body. Proton beam radiation 
therapy requires highly advanced equipment and is not performed in all oncology 
departments. Neutron beams are useful for head, neck and prostate carcinomas, as 
well as for inoperable tumors. Their use severely affects the surrounding normal 
tissue. For radio resistant tumors, carbon ion radiation (heavy ion radiation) can 
be helpful. Alpha and beta particles are contained in radioactive particles that can 
be injected, swallowed or inserted into the body [1]. 
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Radiotherapy using photon radiation can involve the whole human body (e.g., 
bone marrow transplant) but, in most cases, is used for localized therapy. Based 
on the radiation source, radiotherapy is classified into two main groups: external 
beam radiotherapy (wherein the X-ray tube is placed outside the patient’s body) 
and brachytherapy (wherein irradiation is performed using an isotope, such as 
cadmium-226, cesium-137, iridium-192, iodine-125 or carbon ion, that is inserted 
into a tumor or within a cavity). Several medical procedures that involve 
radiation, such as stereotactic surgery, intensity-modulated radiation therapy, 
accelerated/hypo- or hyper-fractioned whole- or partial-breast irradiation, 
brachytherapy, intraoperative radiation therapy and fluoroscopic-guided 
procedures are responsible for iatrogenic lesions that range from minimal damage 
to chronic injuries, carcinogenic effects and radiation-induced death [2 - 7]. 


EFFECTS OF RADIATION — GENERAL DATA 


Ionizing radiation causes DNA damage via direct toxicity with DNA breakage 
and subsequent cellular death. The indirect mechanism is based on the radiation- 
induced formation of free radicals with further fragmentation of the DNA or 
ionization of water or other molecules within the cell. The damaged tissues and 
vessels are then replaced by fibrocytes that are unable to synthesize collagen [8, 
9]. 


Mucosal injuries consist of inflammatory reactions. In first steps, they are 
characterized by the death of mucosal cells, the breakdown of the mucosal 
homeostasis and the activation of pro-inflammatory cytokines, chemokines and 
growth factors [10]. Later, fibrosis occurs as a result of the activation of 
interleukins (IL-6, IL-8) and growth factors (transforming growth factor [TGF], 
tumor necrosis factor [TNF], ete.) [11, 12]. 


The effects of radiation depend on several factors, including the following [2, 9, 
13, 14]: 


e Size of irradiation field, dose fractionation and total dose: in the whole body, 
irradiation of 100-300 rad can induce acute radiation sickness, while higher 
doses can lead to death within approximately one month (350-500 rad) or a 
couple of days (>1000 rad). The main causes of death are heart/renal failure, 
bone marrow suppression and septicemia. 

e Exposure time and time interval between fractions: the first effects are 
decreasing serum levels of erythrocytes and leukocytes (bone marrow injury), 
followed by mucosal damage (gastrointestinal [GI] tract injuries) and central 
nervous system disorders. Radiation-induced malignancy usually occurs years 
after radiotherapy. 
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e Type and technique of irradiation: the most aggressive form of radiation is alpha 
particle radiation, followed by beta radiation. X-rays have a highly penetrative 
effect with minimal tissular damage, but can destroy the weak bonds between 
nucleic acids and induce chromosomal alterations. 

e Radiation sensitivity of tissue: hair follicles, mucosa of the GI tract, bone 
marrow, lymphatic tissue, ovarian follicles and testes present high sensitivity, 
while medium sensitivity is noted for connective tissue, blood vessels and 
urothelium. Cartilaginous tissue, muscles, corpus luteum and ovarian stroma are 
relatively radio resistant, as are the liver, kidneys, pancreas and brain. 

e Individual susceptibility: the consequences of radiotherapy are more severe in 
patients who have previously received radiotherapy, and also depend on the 
patient’s age at exposure, gender, associated comorbidities and genetic factors. 


POST-RADIATION MALIGNANCY 


Ionizing radiation can induce carcinogenesis. Approximately 0.5-2.2% of patients 
develop a histopathologically independent second tumor within 5-7 years of 
radiotherapy, in a dose-dependent manner. The first known instance of radiation- 
induced cancer was reported in 1902, on ulcerated skin, and leukemia in radiation 
workers was reported in 1911. Moreover, in recent history, the leukemia risk of 
radiologists has been found to be nine times higher than in other medical 
specialties, proving that whole-body radiation is a high-risk factor for bone 
marrow disorders [2, 13, 15, 16]. 


Secondary tumors are primarily located in or near the first irradiated tumor site. 
The most common malignant tumors are cutaneous carcinomas, carcinomas of the 
GI tract (30%), head and neck tumors (10%), lymphomas (10%), breast cancer 
(9%), sarcomas (9%) and lung cancer (8%). Radiation-induced benign tumors can 
also develop [2, 15, 16]. 


Radiotherapy performed for head, neck and mediastinal tumors can be followed 
by occurrence of thyroid papillary carcinoma and/or laryngeal carcinoma at 8-20 
years respectively 20-40 years after radiotherapy. In 22% of the cases, the second 
cancer is developed in extra-laryngeal places such as lung and prostate [16, 17]. 


In patients with GI tract carcinomas, radiotherapy can be followed by a secondary 
tumor of the GI tract but extra-GI tumors such as prostate carcinoma were also 
reported [18]. In cases with radiation-induced damages of the pancreatic 
parenchyma and chronic pancreatitis, secondary neuroendocrine tumors seem to 
derive from the intralobular ducts lining epithelium that presents a radiation- 
induced endocrine differentiation [2, 19]. 
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In patients with breast cancer, radiotherapy alone is primarily associated with a 
risk of lung cancer, followed by contralateral breast cancer. Malignant tumors of 
the GI tract and genital system can also occur [20]. 


Pelvic radiotherapy can give rise to the development of malignancies of the 
genital organs and intestines. Colorectal carcinomas (median dose = 50 Gy) and 
carcinosarcomas of the uterine body were reported between months and five years 
following treatment [16, 21, 22]. 


Squamous cell carcinoma can occur at 8-50 years after skin radiotherapy. It can 
develop on relatively normal skin or in the context of chronic radio dermatitis. 
Other tumors, such as Merkel cell carcinoma, can also occur [23]. 


Post-radiation sarcomas are rare and are mainly realized as fibrosarcoma (90%), 
osteosarcoma, synovial sarcoma and malignant fibrous histiocytoma [24]. 
Approximately 1.5-6.9% of primary bone tumors are radiation-induced sarcomas 
occurring 4-20 years after radiotherapy [25, 26]. Chondroid differentiation can be 
seen in about 89% of radiation-induced osteosarcomas [27]. Chondrosarcoma of 
the bladder has been reported at 19 years after radiotherapy [28]. Maxillofacial 
chondrosarcoma can develop at about six months following radiotherapy for basal 
cell carcinoma [29]. Brain irradiation can induce genesis of radiogenic primary 
sarcoma of the brain [30]. Breast irradiation is a risk factor for breast 
angiosarcoma, which is developed years after radiotherapy [30]. Osteosarcomas, 
undifferentiated spindle cell or pleomorphic sarcomas and fibrosarcomas can 
occur in patients with desmoid tumors at 5-21 years after radiotherapy, originating 
from CTNNBI wild- or mutated-type desmoid fibromatosis cells [31]. 


In children, radiation-induced benign tumors have been reported. Single or 
multiple osteochondromas develop in more than 10% of patient receiving 
radiotherapy [32, 33]. Dose-dependent radiation-induced peripheral nerve tumors, 
such as neurofibromas, have been reported at 5-31 years following radiotherapy 
[15]. 


RADIATION-INDUCED NON-TUMOR LESIONS 
Cutaneous Lesions 


Acute Radiodermatitis 


Cutaneous lesions can occur within a few days or weeks of radiotherapy. The 
effects present as erythematous rash, plaques, ulcerations or necrosis and are less 
severe after the use of high- and medium-energy accelerators. The hair follicles 
and nails can also be affected. There are four grades of acute dermatitis, based on 
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severity. Grades 1 and 2 are the most common (90%), while grades 3 and 4 are 
relatively rare [34 - 36]: 


e Grade I is characterized by erythema, a burning sensation, edema, dry 
desquamation and reversible hair loss in the affected area. 

e Grade 2 is similar to grade 1 but is associated with exudative plaques (moist 
desquamation of the skin folds and creases). 

e Grade 3 is characterized by exudative dermatitis, with skin shedding (moist 
desquamation other than skin folds and creases), ulceration and bleeding 
induced by minor trauma or abrasion. This grade occurs in cases where the dose 
exceeds 40 Gy. After re-epithelization, dyschromia or alopecia is often 
permanent. 

e Grade 4 involves dose-dependent radio necrosis that usually develops within a 
few days of treatment. It is a painful plaque comprising necrosis, ulceration and 
hemorrhage of the full thickness of dermis, which can extend to muscles, 
tendons and bones. 


Simultaneous use of radio chemotherapy and targeted drugs, such as epidermal 
growth factor receptor (EGFR) inhibitors (e.g., cetuximab), advanced age and 
severe immunodeficiency are risk factors for grade 3 and 4 radio dermatitis. The 
risk is lower in patients receiving cisplatin-based chemotherapy as compared to 
those receiving anti-EGFR agents. Moreover, radio dermatitis presents earlier in 
patients receiving radiotherapy alone as compared to those receiving radiotherapy 
and anti-EGFR drugs (1-2 weeks versus 3-5 weeks after radiotherapy). In the 
latter group, immune-mediated dermatitis is characterized by xerosis, crust 
formation, well-defined subepidermal inflammatory infiltrate and high risk of 
super infection [36]. 


Chronic Radiodermatitis or Actinic Reticuloid Syndrome 


Radiation-induced chronic cutaneous lesions encompass a wide spectrum that is 
dominated by chronic dermatitis. Such lesions are characterized by ulceration, 
superficial prominent telangiectasia, dermal fibrosis (Fig. 2-1) and epidermal 
atrophy. Hyperkeratosis and the pseudolymphomatous (reticuloid) aspect are also 
characteristic. Chronic radio dermatitis occurs months to years after radiotherapy 
and can be an indicator of premalignancy. Excessive fibrosis is induced by 
abnormally high levels of cytokines (IL-4, IL-5, TGF-B) that stimulate the 
secretion of extracellular matrix and activation of fibroblasts. Fibrosis of the hair 
follicles leads to alopecia, while nail irradiation can be followed by nail loss. The 
sebaceous and sweat glands can also be damaged. The severity of chronic 
dermatitis depends on the radiation dose. A dose of over 50 Gy induces severe 
lesions [2, 4, 23, 37, 38]. 
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Other Skin Lesions 
Sweet’s Syndrome(Acute Febrile Neutrophilic Dermatosis) is characterized by 


post-radiotherapy inflamed or blistered skin and mucosal lesions associated with 
fever [39]. 


Eosinophilic, Polymorphic and Pruritic Eruption Associated with Radiotherapy 
(EPPER) Syndrome is a rare radiation-induced lesion that primarily affects the 


lower limbs of females and is characterized by pruriginous papules and vesicles. 
Under the microscope, deep perivascular lymphohistiocytic infiltrate rich in 
eosinophils is characteristic. It can be an acute or late complication of 
radiotherapy [40]. 


Other_Late Radiation-Induced Cutaneous Lesions are hyperpigmentation, 
parakeratosis, cellulitis, recall dermatitis, pemphigoid, erythema multiforme, 
lichen sclerosis, lupus-like lesions, inflammatory acne, pruriginous rashes, late 
wound healing, morphea (a localized scleroderma characterized by pain and 
disfiguration of the affected area) and subcutaneous calcinosis [2, 4, 23, 37]. 
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Fig. (2-1). Radio dermatitis with dermal fibrosis (A) and well-defined sub epidermal lymphoid infiltrate (B). 


CARDIOVASCULAR LESIONS 


Vascular Injuries 


Large blood vessels present medium sensitivity when subject to radiotherapy. 
Common effects are endarteritis, thrombosis and necrosis. These can involve 
acute lesions followed by endarteritis obliterans (Fig. 2-2), atherosclerosis, 
perivascular fibrosis and compression of the surrounding tissues [41, 42]. Local 
radiation for the treatment of head and neck cancer can induce carotid 
atherosclerosis, especially in patients at elevated risk for atherosclerosis (diabetes 
mellitus [DM], hypertension, hypercholesterolemia, smoking) [43]. 
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In such cases, the capillaries, arterioles and venules are more sensitive to 
radiation, showing endothelial swelling and endarteritis, possibly due to the 
release of free oxygen radicals. In late stages, endothelial hyperplasia, usually 
without clinical impact, and vascular fibrosis can be seen in medium-sized vessels 
[41]. Vascular changes are induced by a dose of about 50 Gy [44]. 





Fig. (2-2). Radiation-induced endarteritis obliterans in a patient with rectal cancer. Luminal obstruction, 
thickening of the media and perivascular fibrosis are characteristic. HE, 10x. 


Lesions of the Heart 


Radiation-induced heart disease primarily means coronary vessel injury, but 
lesions of the pericardium, myocardium, heart valves and conduction system may 
also occur. This is a dose-dependent effect associated with an immune 
component. The consequences of this effect are more severe at younger ages and 
in patients with coexisting heart diseases. Relatively safe doses are 60 Gy for 25% 
of heart volume and 45 Gy for 65% of heart volume, both at 2 Gy/24 hours [41, 
45, 46]. 


Radiation-Induced Coronary Artery Injuries involve an accelerated 
atherosclerosis with fibrous thickening of the intima and luminal narrowing. By 


comparison with non-radiation-induced coronary sclerosis, the media are more 
affected, with loss of smooth muscle cells, and the adventitia is markedly fibrotic 
and thick. Coronary disease occurs at 10-15 years after radiotherapy [45, 47, 48]. 


Pericardial Lesions occur at months to years after radiotherapy and include 
pericarditis (acute, delayed or constrictive), pericardial effusion and pericardial- 
myocardial fibrosis [45, 49, 50]. 
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Myocardial Injuries (Radiation-Induced Cardiomyopathy) are rare and occur 


most commonly in patients receiving radiotherapy for mediastinal tumors. The 
pathomechanism is based on radiation-induced microvascular damage with 
further decrease of myocardial perfusion. The main consequences are myocardial 
fibrosis, diastolic dysfunctions, occurrence of congestive cardiomyopathy and 
heart failure [45, 51]. The main risk factors for myocardial lesions are coexisting 
heart diseases (heart malformations, valvulopathies, preexisting myocarditis, 
hypertension, efc.). High serum levels of troponin can be an indicator of 
radiation-induced cardiotoxicity, but this finding is controversial [2, 52]. 


Valvular Damage primarily involves the aortic and mitral valves, and is seen at 
3-5 years following radiotherapy [53, 54]. 


Conduction Disorders are revealed by changes in electrocardiogram (ECG) 
readings that include ST-T abnormalities, low voltage, bundle branch blocks 
and/or complete atrioventricular block [55, 56]. 


LESIONS OF THE LUNGS AND AIRWAYS 


Lung and airway injuries are frequently seen in patients receiving radiotherapy for 
esophageal carcinomas or mediastinal lymphomas (especially Hodgkin’s 
lymphoma) and are seen rarely in females with breast cancer [3, 57]. 


Lung Lesions 


Radiation-induced dose-dependent damage to lung parenchyma is relatively 
common after stereotactic body radiotherapy. The cartilaginous tissue is a 
relatively radio resistant structure [58]. 


Post-Radiotherapy Bronchiolitis Obliterans Organizing Pneumonia also known 
as secondary organizing pneumonia, is the most common variant of radiation 


pneumonitis and is characterized by the presence of granulation tissue in the distal 
airways extending into the alveolar ducts. Bilateral patchy infiltrates are seen on 
the chest radiographs, with ground-glass opacities on computed tomography (CT). 
This is a rare but serious complication (5% mortality rate) of breast cancer 
radiotherapy. The symptoms occur for between a number of weeks and one year 
after treatment completion. They are similar to those of classic pneumonia (fever, 
cough, shortness of breath, fatigue) but do not improve with antibiotic therapy — 
steroids are instead required [3]. 


Acute Radiation Pneumonitis is a type of diffuse alveolar damage with an 
associated severe vascular component (fibrinoid necrosis and thrombosis of the 
arterioles and congested venules), edematous widening of the septa, presence of 
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intra-alveolar fluid and hyaline membranes (acute respiratory distress syndrome; 
ARDS) [3]. 


Chronic Radiation Pneumonitis with Fibrosis can occur after acute pneumonitis 
or if its appearance is insidious, without an acute phase. The arterioles are 
obliterated by intimal fibrosis and recanalized thrombi. Fibrotic enlargement of 
the alveolar septa is characteristic, as is peribronchial and perivascular fibrosis 
[59]. 


Late Pulmonary Damage is seen following stereotactic therapy for pulmonary 
cancer and includes — besides tumor remnants — consolidation, volume loss and 
ground-glass changes corresponding to interstitial damage. Radiographic 
evaluation, by comparison with the pre-radiotherapy evaluation, is reported as 
increased, stable, decreased, obscure or not present [58]. 


Radiation Recall Pneumonitis refers to chemotherapy-induced inflammation in 
healthy pulmonary areas previously exposed to irradiation. It can be related to 
erlotinib exposure [60]. 


Lesions of the Upper Airways 


Laryngeal Edema can develop in patients receiving radiotherapy for head, neck 
or mediastinal tumors. In patients with laryngeal cancer, carbon ion therapy can 
induce laryngeal edema, necrosis and stenosis [5]. 


Nasopharyngeal Granuloma has been reported in patients receiving radiotherapy 
for nasopharyngeal carcinoma. The clinical symptoms are nasal obstruction, 
purulent discharge, headaches, epistaxis, foreign body sensation and/or hearing 
impairment. This granuloma can mimic a tumor recurrence [61]. 


Lesions of the Digestive System 


The mucosa of the GI tract presents high sensitivity to radiation, being frequently 
affected during systemic radiotherapy. The lesions are acute (mainly 
inflammatory lesions) or chronic (fibrosis of the GI wall) and can involve one or 
multiple GI tract segments. 


Radiotherapy-Related Nausea and Vomiting 


These are usually associated with pain flare and are the most common side effects 
in patients receiving palliative radiotherapy for symptomatic bone metastases 
[62]. 
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Oral Complications 


Acute complications in this regard are mucositis, xerostomia, dysphagia, 
dysgeusia and opportunistic infections (Gram-negative bacteria and fungi). 
Chronic lesions refer to trismus, fibrous sialadenitis, radiation caries, 
osteoradionecrosis and changes of the periodontal attachment. The periodontium 
is radio resistant [9, 63]. All patients receiving head and neck radiation (60-70 
Gy) present oral mucositis, but in mild forms in most cases. Proper oral hygiene 
decreases the risk of periodontitis and tooth loss [9, 36, 63]. The rate of Candida 
colonization ranges from 56.7% during radiation to 63.3% post-radiation. Candida 
albicans is the most common type, followed by Candida parapsilosis, tropicalis 
and glabrata [64]. 


Oral mucositis is classified by the World Health Organization (WHO) according 
to the following grades, based on severity [36, 63]: 


e Grade I (mild mucositis) = oral erythema and soreness 

e Grade 2 (moderate mucositis) = ulcers and difficulties eating solids 
e Grade 3 (severe mucositis) = ulcers and difficulties taking liquids 

e Grade 4 (life-threatening lesion) = oral alimentation is not possible 


The National Cancer Institute’s Common Terminology Criteria for Adverse 
Events include the presence or absence of pain and classify mucositis severity as 
follows [36, 63]: 


e Grade I = asymptomatic or mild symptoms 

e Grade 2 = moderate pain not interfering with oral intake 
e Grade 3 = severe pain interfering with oral intake 

e Grade 4 = life-threatening mucositis 

e Grade 5 = death 


Radiation Esophagitis 


Radiation esophagitis is characterized by desquamative and/or fungal 
inflammation, with late fibrosis, stenosis and functional esophageal disorders 
[63]. 


Radiation Gastritis, Duodenitis and Peptic Ulcerations 


The antrum, pylorus and duodenum are commonly affected as a result of selective 
internal radiation therapy (SIRT), whereby microspheres emitting yttrium-90 (Y- 
90) are intra-arterially infused in patients with primary or metastatic tumors of the 
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liver, to produce radioembolization. During biopsy, the Y-90 microspheres can be 
identified as small round-shaped black foreign bodies [65]. After external beam 
radiation of the right hypochondrium and epigastrium, performed to treat hepatic 
carcinomas (more than 55 Gy) or for gastric lymphomas, life-threatening diffuse 
hemorrhagic gastritis was reported, in one study, three months after radiotherapy. 
This involved acute vasculopathy characterized by edema, obliterative 
endarteritis, vasculitis, endothelial proliferation, mucosal ischemia, telangiectasias 
and gastric ulcerations [18]. 


Radiation Recall Gastritis refers to chemotherapy-induced inflammation in 
healthy gastric areas previously exposed to irradiation. It can be related to 
anthracyclines, taxanes, gemcitabine, capecitabine and erlotinib exposure [60]. 


Bowel Lesions 


Radiation-Induced_ Diarrhea is graded by the National Cancer Institute’s 
Common Terminology Criteria for Adverse Events according to five grades: 


e Grade I = fewer than four stools per day over the baseline 

e Grade 2 = between four and six stools per day over the baseline 

e Grade 3 = up to seven stools per day over the baseline; associated with 
incontinence and limited self-care activities of daily living 

e Grade 4 = life-threatening diarrhea 

e Grade 5 = death 


Changes in bowel habits occur in 90% of patients receiving pelvic radiotherapy, 
with half of these reporting an impact on their quality of life [63, 66]. 


Radiation Enteropathy or Actinic Enterocolitis concerns the majority of patients 
treated for pelvic cancers (gynecological cancer, prostate, rectal cancer, efc.). For 


severe painful pelvic bowel damage and dysfunction, the term of “pelvic 
radiation disease” is usually accepted. Radiation enteropathy is an ulcerative 
enterocolitis (Fig. 2-3) characterized by epithelial desquamation, atrophy, 
perivascular fibrosis with intramural necrosis and progressive fibrosis of the 
submucosa and underlying layers. Diarrhea or constipation occurs in early phases 
(stage I), followed by the presence of stools with desquamated membranes (stage 
II), mucinous/hemorrhagic stools (stage HI) and intestinal strictures with changes 
in bowel habits (stage IV). Fistulae, perforation, malabsorption syndrome, ileus 
and peritoneal adherences can be associated [2, 8, 67, 68]. 


Radiation Proctitis_or_Proctopathy occurs following pelvic radiotherapy 
performed to treat tumors of the cervix, prostate, bladder or rectum. It is a dose- 
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dependent lesion that is usually associated with cystitis. The incidence ranges 
from 2% for patients receiving up to 5000 cGy to 18-29% for patients receiving 
8001 cGy or more to the rectum. It is more common in patients with preexistent 
inflammatory bowel diseases and more severe when co-occurring with vitamin D 
deficiency. Acute proctitis occurs within the first three months of initiation of 
treatment, while chronic radiation proctitis occurs between eight and 12 months 
following treatment completion. The clinical symptoms are rectal bleeding, rectal 
pain, tenesmic, diarrhea, bloating, fecal incontinence, etc. Besides mucosal injuries 
and intramural fibrosis, mesorectal disorders include fibrosis (95%), vasculitis 
with perivascular fibrosis (51%), and sclero-hyalinosis of the lymph nodes with 
pericapsular and perineural fibrosis (23% and 13%, respectively). The remedy for 
acute proctitis comprises treatment cessation, hydration and supportive treatment 
with anti-inflammatory, antidiarrheal and steroid drugs. For chronic proctitis, 
non-invasive treatment comprises administration of non-steroidal anti- 
inflammatory drugs (NSAIDs), antioxidants, sucralfate, short chain fatty acids 
and hyperbaric oxygen. Invasive treatment includes formalin injection, 
endoscopic yttrium aluminum garnet (YAG) laser or argon plasma coagulation, 
radio frequency tumor ablation, cryoablation or surgery [6, 22, 44, 66, 69 - 71]. 





Fig. (2-3). Stage I radiation enteropathy with multiple fibrin-covered ulcerations. 


Anastomosis-Related Complications can occur in patients with rectal cancer who 
have undergone long-course radiotherapy (45.0-50.4 Gy) with concurrent 5- 
fluorouracil (5-FU)-based chemotherapy [72]. 


Radiation-Induced Retroperitoneal Fibrosis 


A very rare consequence of radiotherapy, radiation-induced retroperitoneal 
fibrosis is characterized by an extensive fibrosis of the periaortic retroperitoneum. 
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It can entrap the ureters causing obstructive uropathy. Spontaneous regression can 
be observed [73, 74]. 


Hepatic and Pancreatic Injuries 


Hepatic and Biliary Injuries are rarely encountered, these structures being 
relatively radio resistant. The radiation hepatopathy comprises hyperemia, 
centrilobular necrosis, veno occlusive disease, Budd-Chiari-like syndrome and 
infrequent cholecystitis and/or biliary damage. Radio frequency tumor ablation 
can be followed by bleeding, while hematoma is visible as low attenuation on 
unenhanced CT scans [2]. Radiation-induced hepatitis B virus reactivation is a 
life-threatening complication (60% mortality rate) that has been reported during 
radiotherapy for hepatocellular carcinoma (HCC) with portal vein tumor 
thrombosis. The risk of reactivation is related to baseline HBV-DNA levels and 
HBeAg positivity [75]. 


Pancreatic Injuries are rare, this organ being relatively radio resistant. They refer 
to acute or chronic pancreatitis, the latter being a premalignant lesion [19]. 


LESIONS OF THE KIDNEY AND URINARY TRACT 


Radiation Nephropathy 


This is a rare lesion, the kidney parenchyma being relatively radio resistant. This 
dose-dependent lesion (the safety dose is 10 Gy) emerges from six months to 
years after radiotherapy and is more commonly reported after total body 
irradiation for bone marrow transplantation. It is characterized by hypertension, 
proteinuria, impairment of urine concentration, anemia and progressive renal 
failure. Microscopically, stepwise nephropathy includes lesions of the glomeruli 
(endothelial and mesangial cell damage, thickening of the basement membrane, 
hyalinization, thrombotic microangiopathy and nephrosclerosis) followed by renal 
tubes injury (epithelial denudation, necrosis and atrophy), lesions of the 
interstitium (edema, inflammation and gradual tubulointerstitial scarring) and 
vascular injuries (fibrinoid necrosis and vascular wall fibrosis). Ataxia 
telangiectasia syndrome can co-occur [2, 14]. 


Urinary Tract Injuries 


These injuries involve mucosal ulcerations and epithelial damage in early phases, 
followed by proliferation of poorly vascularized fibrotic tissue and strictures. 
Urothelium presents a medium radio sensitivity [2]. 
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Ureteral Obstruction (Obstructive Uropathy) emerges as a result of the direct 


effect of radiotherapy or as a consequence of external compression exerted by 
radiotherapy-induced retroperitoneal fibrosis [73, 74]. 


Urethral Strictures occur in about 11% of patients receiving radiotherapy for 
prostate cancer or pelvic radiotherapy. It emerges at a median time of 26 months 
after brachytherapy. The associated risk factors are transurethral resection of the 
prostate (TUR-P) prior to radiation, age, non-white race and associated 
comorbidities [8]. 


Recto-Urethral Fistulae occur in 0.2% of patients with prostate cancer receiving 
brachytherapy. The risk is higher if biopsies are taken from the rectum following 
radiation, as well as in patients with preexisting microvascular disorders and 
smokers [42]. 


Radiation Cystitis 


This is a common dose-dependent complication of external beam radiotherapy or 
MRI-guided brachytherapy to the pelvic area [8, 76]. 


Conventional Radiation Cystitis is a stepwise lesion that is firstly characterized 
by epithelial degenerative changes, ulcerations, necrosis and vascular disorders 
(endothelial proliferation, perivascular fibrosis). Then, a severe intramural fibrosis 
of the urinary bladder occurs at about three years after radiotherapy (“radiation 
bladder”). The main consequences are micturition disorders, recurrent and 
ascending infections, septicemia, ete. [2]. 


Radiation-Induced_ Hemorrhagic Cystitis Also Known As Radiation Recall 
Syndrome, occurs in 3% of patients receiving up to 5000 cGy and about 12% of 
patients receiving a dose greater than or equal to 8001 cGy to the bladder. It is a 
sterile cystitis that can occur from days or months (acute cystitis) to 15 years 
(delayed cystitis) after radiation. The symptoms of acute onset are hematuria, 
dysuria and anemia. Depending on the severity of hematuria, it is graded by the 
Radiation Therapy Oncology Group (RTOG) and the European Organization for 
Research and Treatment of Cancer (EORTC) according to the following groups: 


e Grade I = microscopic hematuria 

e Grade II = macroscopic hematuria 

e Grade III = macroscopic hematuria with clots 
e Grade IV = urinary tract obstruction with clots 


In late onset, the acute-onset symptoms are associated with sphincter dysfunction, 
reduced bladder capacity, ulceration, perforation and infrequent fistulization. The 
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treatment comprises treatment cessation, hyperhydration and continuous bladder 
irrigation with saline, aluminum potassium sulfate (alum), silver nitrate, mesna 
(sodium 2-mercaptoethane sulfonate), sodium hyaluronate, formalin or phenol. 
Hyperbaric oxygen therapy, endoscopic laser coagulation with neodymium-doped 
YAG (Nd:YAG) and intravesical administration of tacrolimus, cranberry juice, 
prostaglandin or chondroitin sulfate are also suggested [69, 70, 76, 77]. 


LESIONS OF THE GENITAL SYSTEM 


Ovaries and testes are highly sensitive to radiotherapy, 5-15 Gy being enough to 
affect their functioning. The ovary follicles are more sensitive than the testis, 
while the corpus luteum and ovarian stromal cells are radio resistant structures 


[2]. 
Lesions of the Female Genitalia 


Vesico-Vaginal Fistulae occur following pelvic radiotherapy performed to treat 
tumors of the cervix, bladder or rectum, especially in elderly patients. It is 
difficult to differentiate these from tumor fistulae. Following surgical repair, a 
vesico-vaginal fistula can be complicated by urinary incontinence [78]. 


Radiation-Induced Sterility can be a consequence of irradiation of the uterus and 
is the most common complication with long-term effects in females. Recent stud- 
ies have shown that, in young patients receiving sterilizing pelvic radiotherapy, 
cryopreserved ovarian cortical tissue can be re-transplanted after treatment. This 
method has been successfully used in some patients for fertility preservation [79]. 
Acute radiation sickness is followed by late effects that comprise amenorrhea and 
fibrosis of the uterus and ovaries in the second year following exposure. The 
patient’s estradiol levels can also decrease, while follicle-stimulating hormone 
and luteinizing hormone levels increase in the first year [80]. 


Endometrial And Myometrial Changes include fibrosis/hyalinization and uterine 
shrinkage at about three months following completion of treatment [81]. 


Vaginal Injuries can arise from pelvic radiotherapy or brachytherapy performed 
to treat an endometrial, cervical or vulvar cancer. The incidence of vaginal 
atrophy is 36% after brachytherapy and 18% after external beam therapy. 
However, modern radiotherapy techniques aim to decrease the rate of vaginal 
damage. The acute vaginal lesions that occur in first two to three months after 
radiotherapy are edema, erythema, mucosal desquamation, mucositis and 
submucosal hyperemia. The chronic lesions are vascular injuries (endarteritis 
obliterans, telangiectasia and bleeding), mucosal ulceration and necrosis, fistulae, 
fibrosis, atrophy, decreased vaginal elasticity and vaginal stenosis. Injuries to the 
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vulva and occurrence of pain during sexual intercourse are common in the first 
month after radiotherapy [6]. 


Radiation-Induced Female Sexual Dysfunctions are primarily the consequence 


of vaginal/vulvar/perineal injuries and include hypoactive sexual desire, arousal 
and orgasm, as well as sexual pain disorders. Dyspareunia and decreased sexual 
satisfaction are also reported consequences. Postradiotherapy sexual dysfunction 
was reported in 50-81% of the females studied [6]. 


Radiation-Induced Embryo-/Fetopathies 


The incidence of such embryo-/fetopathies depends on the age of the 
embryo/fetus, the dosage and time span of radiotherapy and the localization of the 
mother’s tumor. Depending on the time of implantation, the following 
complications can occur: embryonic death, external/internal malformations (in the 
case of radiotherapy during embryo-/organogenesis), growth disorders (low height 
and weight), neurological maldevelopment, mental retardation, hydrocephalus (in 
the case of radiotherapy during fetal period), etc. In utero, fetal irradiation with 
diagnostic X-rays increases the risk of childhood cancer at an organ dose of 10 
mGy [7, 13, 82]. 


Breast Lesions 


Intraoperative Radiotherapy for early breast cancer induces complications in one 
third of patients. Such complications include infections, wound dehiscence, skin 
necrosis, bleeding and formation of hematoma or seroma [83]. 


Breast Fibrosis is a common complication occurring as a result of radiation- 
induced CD8 T-lymphocytes apoptosis. The risk of fibrosis is higher in smokers 
and females receiving adjuvant hormonal therapy and is not increased by 
concomitant chemotherapy [35]. 


Atypical Vascular Lesions can be complications of the radiotherapy of the breast 
and should be differentiated from radiation-induced vascular tumors. It was 
recently reported that MYC and FLT gene amplification is detected in more than 
75% of radiation-induced angiosarcomas, but not in atypical vascular lesions, thus 
being proposed as a differentiator between the two lesion types [30]. 


Lesions of the Male Genitalia 


Sterility is the main consequence of radiotherapy, followed by the tumorigenic 
risk. In patients with acute radiation sickness, late effects include a decreased 
sperm count and abnormal sperm morphology, but exclude testosterone level 
disorders [80]. 
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Sexual Dysfunctions occur in 51% of patients receiving pelvic radiotherapy. 
They include dose-dependent erectile difficulties (17%) and changes to the 
seminal fluid. Change in potency is induced by a dose to the penile bulb greater 
than 50 Gy [66, 84, 85]. In patients receiving brain radiation, sexual disturbances 
can be the result of damage to the hypothalamic-pituitary axis [86]. 


Prostatic Necrosis can be a result of pelvic radiation, as a primary lesion or a 
secondary rectoprostatic fistula in patients with radiation proctitis [8, 87]. 


Penile Necrosis is very rare, occurring between one and two years after prostate 
brachytherapy. It is a complication of a radiation-induced recto-urethral fistula 
with further spread of infection in the corpus spongiosum, corpora cavernosa, 
surrounding soft tissues and scrotum. Radiation-induced chronic hyalinization of 
vessels within the corpora cavernosa and corpus spongiosum is a conducive factor 
for infection spread. Its clinical symptoms are urinary incontinence, dysuria and 
pelvic and perineal pain. In some cases, penectomy is necessary [42]. 


LESIONS OF THE BONE MARROW AND HEMATOLOGICAL 
DISORDERS 


Bone marrow is one of the most radiosensitive tissues in terms of dose-volum- 
-time dependency. It is especially affected by whole-body radiation but pelvic, 
ribs or brain radiation can also influence recruitment of peripheral myeloid cells. 
The most common adverse effect is decrease of the hematopoietic function of the 
red marrow, reducing the number of hematopoietic cells and sharply increasing 
the bone marrow adipose tissue. This results in an increase of the proportion of 
yellow marrow, hypoplasia/aplasia/gelatinous atrophy and myelofibrosis. Bone 
marrow suppression induces a high risk of infection, septicemia and hemorrhage. 
Blood serum analysis shows lymphopenia (first hours), neutropenia (first 
days/weeks) and thrombocytopenia (weeks/months). The erythrocytes present the 
highest radioresistance and anemia occurs in later phases. Several months are 
necessary for bone marrow regeneration [2, 88 - 90]. 


LESIONS OF THE LYMPHATIC TISSUE 


The direct effects of ionizing radiation on the lymph nodes are dose- and time- 
dependent. The stepwise disorders firstly comprise a diffuse hyperplasia of 
lymphocytes attempting to compensate for lymphopenia. Follicular hyperplasia of 
the lymph nodes is also characteristic, without clinical impact (Fig. 2-4). Then, 
macrophages take in the cellular detritus and old degenerated lymphocytes and the 
injured area is replaced by fibrous tissue. The final effect is the sclero-hyalinosis 
of the lymph nodes with pericapsular fibrosis [2, 44]. 
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Fig. (2-4). Radiation-induced morphological disorders of the lymph nodes. A-D: Diffuse lymphoid 
hyperplasia (A) with few CD20 positive B-cells (B, C) and predominance of proliferated CD3 positive T- 
cells (D). E-F: Sinusal hyperplasia with rich CD68 positive macrophagic infiltrate (F). 


In the spleen, chemoradiotherapy can induce erythrophagia that is associated with 
hemosiderosis and fibrosis of the red pulp, with further decrease of spleen volume 
to 37% at four years after radiotherapy, usually without clinical impact. Sepsis 
can be a fatal complication [2, 91]. 
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BONE AND JOINTS LESIONS 


Bone Injuries 


Abscopal Effect of Irradiation is a term used to indicate local radiotherapy used 
to treat metastatic cancers that has not only local but also systemic effects, 
inducing shrinkage of distant metastases, including bone metastases. Any tumor 
radiation therapy for prostate, pancreatic, cervical, rectal or endometrial cancers 
involves skeleton exposure. The severity of bone lesions depends on the radiation 
dose and field, the age of the patient and dose fractionation. The bone absorbs up 
to half of the radiation dose used for pelvic malignancies. Moreover, single bone 
irradiation can induce time-dependent disorders of the skeleton outside the 
radiation field, mediated by bone marrow changes (e.g., femoral injuries in 
patients receiving local radiotherapy for breast cancer) [89, 92]. 


Bone Lesions in Adults mainly involve a rapid increase in osteoclastogenesis 
(one week after radiotherapy) and decrease of the number of osteoblasts. This can 
result in a decrease of trabecular bone volume, regional or systemic osteopenia, 
decrease of bone mineral density (osteoporosis), osteoradionecrosis and 
pathological fractures [2, 26, 89]. Osteoradionecrosis, which occurs between six 
and 17 months after radiotherapy, is the result of decreased matrix production 
given diminished osteoblast function and is a contributory factor for pathological 
fractures [89, 93, 94]. Bone necrosis and atrophy are caused by radiation-induced 
obliterative endarteritis [9]. Radiation-induced bone marrow suppression of the 
hematopoiesis also contributes to bone mineral loss and increases fracture risk 
[88]. 


Bone Lesions in Children primarily refer to altered bone growth that can be 
caused by a targeting dose of 12 Gy. Epiphysis is the most sensitive bone area to 
irradiation, followed by metaphysis. The diaphysis is relatively radio resistant. 
The effects comprise irregular ossification and slipped femoral epiphysis. The 
radiotherapy-induced micro vascular lesions and direct cellular damage are 
followed by degeneration of chondrocytes and osteocytes, and by fibrogenesis. 
Diaphyseal irradiation leads to periosteal new bone formation, metaphyseal 
fraying and sclerosis. Other clinical effects are bone fracture, platyspondyly 
(flattened vertebral bodies), spinal deformity and genu valgum [2, 26, 33, 95]. 


Joint Damage 


Dose-dependent radiation effects upon synovial tissues are poorly understood. 
Radiation-induced arthropathy includes degenerative changes and decreased 
mobility. In children, painful valgus knee joints after irradiation have been 
reported [33]. 
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OTHER NON-TUMOR LESIONS 


Optical Disorders 


The neuro-optic structures (optic nerves, chiasm and retina) can be injured during 
brain radiation therapy. The main dose-dependent effects are dry eye (7%), 
cataract (11%) and chronic retinopathy. The lacrymal glands are affected at a 
median dose of 1.47 Gy, the lenses at 1.05 Gy, and cataract can be induced by a 
dose of 2-10 Gy [80, 96]. In patients with acute radiation sickness, the later effects 
on the eye lenses include opacity (six months after exposure) and gradual 
deterioration in visual acuity [80]. Another complication of radiation to the head 
and neck area (especially to the sella or skull base) is ocular neuromyotonia. This 
is characterized by periodic involuntary extraocular muscle contraction as a result 
of injury to the sixth cranial nerve [97]. 


Cerebral and Neurological Lesions 


Damage to the Brain Parenchyma and Nervous Fibers are rare. These structures 
are relatively radio resistant and are only affected at high doses. Radiation can 


induce acute and persistent increases in the numbers of CD3+ and CD11c+ cells 
in the central nervous system, and can lead to a process of inflammatory. Myelin 
tract injuries (demyelination) and white substance necrosis can occur at median 
doses of 20-30 Gy. Multifocal necrotizing leukoencephalopathy (focal necrosis of 
the white matter of the pons) and myelitis is realized in more than one third of 
adult patients. Sensorineural hearing loss can also occur. Endothelial cells, 
oligodendrocytes and astrocytes have high radiation sensitivity. Perivascular 
fibrosis can be a consequence of radiation. In children, neurodevelopmental 
disorders are the most common effects of radiation. Long-term complications of 
craniospinal irradiation with 18-36 Gy include uni- or bilateral ototoxicity, with 
hearing loss in 12% of cases and alteration of processing speed and verbal 
comprehension, without modifications of the working memory [2, 90, 98, 99]. 


Peripheral _Neuropathy/Paresis/Paralysis are very rare lesions that can occur 
months or years after radiotherapy (e.g., neuropathy of the brachial nerves after 
radiotherapy performed for breast cancer). Neurological involvement has been 
reported as an extracutaneous manifestation of Sweet's syndrome (neuro-Sweet 
disease) in patients receiving radiotherapy for oral squamous cell carcinoma [39]. 
In patients with head and neck cancers, trismus has been reported in 47.1% of 
patients, with depression associated with 8.7% of such cases [100]. 


Endocrine Disturbances 


The most common radiotherapy-related endocrine sequelae are the disorders of 
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the hypothalamic-pituitary axis. Pituitary injuries occur in 80% of patients 
receiving craniocerebral radiotherapy. The main clinical effect is progressive and 
irreversible hypopituitarism. This can be followed by a compensatory increase in 
hypothalamic release activity. In adults, growth disorders, body image, skeletal 
health, fertility, sexual function and physical and psychological health are 
impacted. In children with neuroblastomas, craniospinal irradiation induces 
neuroendocrine deficits in 55% of patients, most of whom present growth 
hormone (GH) deficits. Other effects of childhood radiotherapy are puberty 
disorders, thyroid and parathyroid dysfunctions, obesity and metabolic syndrome, 
alterations in glucose metabolism and decreased bone mineral density [86, 98]. 
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CHAPTER 3 


Iatrogenic Immunopathology 


Ioan Jung and Simona Gurzu’ 
Department of Pathology, University of Medicine and Pharmacy, Tirgu-Mures, Romania 


Abstract: This chapter covers the general aspects regarding the mechanisms of the 
four specific branches of iatrogenic immunopathology: iatrogenic immunodeficiencies, 
iatrogenic-induced lymphoproliferative diseases, hypersensitivity-induced lesions and 
immunopathology of transplantation. Understanding the four types of hypersensitivity 
reactions is mandatory for understanding the details of drug-induced lesions in organs. 
Mechanisms and complications of transplantation of solid organs are shown in detail. 


Keywords: Adverse drug reaction, Bone marrow, Graft-versus-host disease, 
Host-versus-graft disease, Hypersensitivity reactions, Iatrogenic, Immunopa- 
thology, Lymphoid tissue, Lymphoproliferative disease, Rejection, Transplant. 


INTRODUCTION 


Iatrogenic immunopathology refers to four types of lesions: iatrogenic immuno- 
deficiencies, iatrogenic-induced lymphoproliferative diseases, hypersensitivity- 
induced lesions and immunopathology of transplantation. 


IATROGENIC IMMUNODEFICIENCIES 


These lesions can be caused by medications, irradiation, splenectomy, surgical 
interventions or iatrogenic viral infections. 


Drug-Induced Immunosuppression 


Of all medical drugs, cytotoxic substances, steroids and immunomodulators are 
best known for inducing immunosuppression. Details of drug-induced bone 
marrow suppression are presented in Chapter 12. 


Cytotoxic Drugs, which are prescribed in oncotherapy and to patients with 
autoimmune diseases, first attack cells with rapid turnover (bone marrow cells, 
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lymphoid tissue, hair follicles, etc.) and immunocompetent cells. Then, a decrease 
of the immunoglobulin synthesis rate is followed by immunodeficiency. Usually, 
T-cells are more resistant than B-cells. B-cell-related humoral response is 
abolished in early phases, followed by a decrease of T-cells-associated cellular 
immunity [1]. 


Corticosteroids are frequently used in clinical practice due to their rapid anti- 
inflammatory and immunosuppressive effects. They cause a decrease in the 
number of T-cells and, in direct contrast to cytotoxic drugs, cellular immunity is 
suppressed to a greater extent than is the humoral response. Immunoglobulin (Ig) 
synthesis is also inhibited [1]. 


Immunosuppressive Therapy which is especially used in transplanted recipients 
and patients with autoimmune disorders (e.g., rheumatoid arthritis, systemic lupus 
erythematosus), is known to induce immunodeficiency. Primarily related to T- 
cells, the risk of Epstein-Barr virus (EBV) infection is increased in these patients 
[2, 3]. The anti-lymphocyte serum decreases cellular immunity and can induce 
anaphylaxis and/or serum sickness. Cyclosporine has a direct renal and 
hepatotoxic effect. Calcineurin inhibitors promote infection with oncogenic 
viruses, such as human papilloma virus (HPV) and herpes human virus 8 (HHV§8), 
or exert a direct oncogenic effect. In some cases, development of 
lymphoproliferative disorders and tumors, such as skin cancer or Kaposi’s 
sarcoma, were reported (e.g, at two months after the initiation of 
immunosuppressive therapy for Wegener's granulomatosis) [4 - 6]. Mycopheno- 
late mofetil, used in patients undergoing solid organ or bone marrow 
transplantation, can induce GI lesions in the first six months after therapy begins. 
Side effects include nausea, vomiting, erosions/ulcers, inflammatory bowel 
disease (IBD)-like disorders, colitis, abdominal pain and diarrhea. It is not 
nephrotoxic, like cyclosporine and tacrolimus, does not cause hyperlipidemia, as 
sirolimus does, and induces leukopenia less frequently than does azathioprine [7]. 


Radiation-Induced Immunodeficiency 


Similar to the case of immunosuppressive drugs, the most radiosensitive tissues 
are those with high turnover, including bone marrow and lymphoid tissues, 
especially after irradiation of the lymph nodes (e.g., Hodgkin’s lymphoma). A 
second tumor can occur early or very late following radiotherapy (e.g., sarcoma 
after radiotherapy for oral squamous cell carcinoma arising 16 months after 
completion of radiotherapy) [1, 8]. Details of radiotherapy-induced lesions are 
presented in Chapter 2. 
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Post-Splenectomy Immunodeficiency 


Splenectomy is a contributing factor to infections, the most commonly involved 
agents being pyogenic cocci (e.g., Streptococcus pneumoniae) and Gram-negative 
bacteria. The risk of infection is higher in younger patients and those with 
disorders of the monocyte-macrophage system. The median time for developing 
an infection is about six months, ranging from one month to 50 years after 
splenectomy. A severe complication of patients with asplenia is progressive 
septicemia with fulminant and even fatal evolution. Purpura fulminans may be 
associated [1, 9]. 


Postoperative Immunodeficiency 


For invasive or minimally invasive surgical techniques, the risk of postoperative 
fistulae, abscess formation, secondary peritonitis or sepsis should be taken into 
account, even in the era of modern medicine [10]. A report from 2016 revealed 
that, after percutaneous cholecystectomy, the risk of postoperative abscess was 
about 23% and the 30-day mortality rate was 9% [11]. Even following hernia 
repair, the risk of mesh infection remains because the foreign material acts as a 
biofilm and encourages bacteria proliferation [12]. 


Iatrogenic Viral Infection 


Although rare today, infection with HIV, hepatitis viruses (HCV, HBV) or human 
T-cell lymphotropic virus 1 (HTLV-1) can be transmitted through blood 
transfusions and other parenteral exposure, or by using improperly sterilized 
medical equipment. In epidemic areas, the main risk factors are 
intramuscular/intravenous injections and contaminated blood, transplanted organs 
or medical and dental instruments [13 - 15]. 


IATROGENIC LYMPHOPROLIFERATIVE DISORDERS 


These disorders can occur in transplant recipients but immunosuppressant therapy 
(cyclosporine, methotrexate, corticosteroids, tacrolimus, infliximab, azathioprine, 
calcineurin inhibitors, etc.) can also induce lymphoproliferative diseases [3, 5, 6]. 
A large range of lesions, from lymphoid hyperplasia to atypical 
lymphoproliferative disorders and malignant lymphomas, can be considered as 
iatrogenic disorders [1]. 


The lymph nodes, spleen and/or bone marrow can be affected and EBV infection 
can be involved. Post-transplant lymphoproliferative disease is a distinct lesion 
that is described below in the sub-chapter about transplantation, together with the 
EBV-related pathomechanism of its development [2]. 
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The Society for Hematopathology classifies lymphoproliferative disorders 
according to five groups [1, 3, 16]: 


Early Lesions: reactive plasma cells hyperplasia, infectious mononucleosis-like 
lymphohistiocytic hyperplasia, etc. 


Polymorphic Lymphoproliferative Disorders: Monoclonal or polyclonal lesions. 
Monomorphic_Lymphoproliferative Disorders: B- and T-cell non-Hodgkin’s 


lymphomas, such as large B-cell lymphomas (immunoblastic, centroblastic and 
anaplastic lymphoma), Burkitt’s/Burkitt’s-like lymphoma, T-cell lymphomas 
(large T-cell anaplastic lymphoma and peripheral T-cell lymphoma) and NK-cell 
lymphoma. 


Plasmacytoma-Like Lesions: plasmacytoid lymphoma and multiple myeloma. 
T-Cell-Rich Large B-Cell Lymphoma/Hodgkin's Disease-Like Lesions. 
HYPERSENSITIVITY-INDUCED LESIONS 


Type I Immediate Hypersensitivity or Anaphylactic Reaction 


This is an IgE-mediated dose-independent ADR that can induce systemic or 
localized disorders. 


Systemic Reactions refer to drug-induced anaphylactic shock. Several drugs 
present anaphylactic properties, including serum, vaccines, enzymes (e.g., 
L-asparaginase), hormones, antibiotics (e.g., penicillin), sulfonamides, local 
anesthetics, salicylates, polysaccharides, contrast substances, bromsulphthalein, 
etc. Immunoallergic complications have recently been reported regarding 
fluindione, a vitamin K antagonist with a prolonged half-life. Clinically, 
bronchoconstriction, glottic edema, hypotension and collapse are characteristic [1, 
17, 18]. 


Localized Reactions refer to cutaneous atopic lesions, such as contact dermatitis, 
eczema/urticaria, atopic asthma, allergic conjunctivitis, Quincke’s edema, etc. 
Iatrogenic asthma can be induced by several drugs, including adrenergic aerosols, 
aspirin, angiotensin-converting enzyme (ACE) inhibitors and non-steroidal anti- 
inflammatory drugs (NSAIDs), such as indomethacin or mefenamic acid, 
tetrazines, etc. Angioedema is produced through a bradykinin-mediated or, more 
rarely, a histamine-related reaction. Urticaria and Quincke’s edema occur 
independently or as components of anaphylactic shock. Allergic contact 
dermatitis can be induced by gels, creams, latex, etc. [1, 17, 19 - 21]. 
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Type II Hypersensitivity or Cytotoxic Reaction 


This type of hypersensitivity is IgG- or IgM-mediated and is characterized by 
binding of the antibodies (e.g., drugs) to the cell membrane. As a consequence, 
the cell is destroyed by activating complement or promoting phagocytosis. B-cel- 
-related humoral immunity is most strongly affected. The following iatrogenic 
lesions can be induced: incompatible blood transfusion (hemolysis, hemolytic 
anemia), iatrogenic lupus, post-vaccination inflammations, autoimmune disorders, 
etc. [1, 17]. Cytotoxic reactions to injected drugs, such as NSAIDs, can induce 
cutaneous vasculitis and/or necrosis [22]. 


Type IH Hypersensitivity or Immune Complex-Mediated Reaction 


This type of hypersensitivity is IgG-mediated and is characterized by the 
formation of immune complexes (antigen-antibody) within the blood flow. These 
complexes are stored within the vascular walls or basal membranes, inducing 
autoimmune lesions like vasculitis, glomerulonephritis, etc. It is a dose- 
independent ADR that can induce systemic or localized reactions. 


Systemic Reactions include serum sickness, vasculitis and glomerulonephritis. 
Serum sickness occurs at about 10 days after passive immunization and is 
characterized by urticaria, arthralgia, vasculitis and, infrequently, 
glomerulonephritis. Iatrogenic-induced glomerulonephritis is primarily a chronic 
autoimmune disorder that can occur in patients with humoral immunity 
deficiencies. NSAIDs-related immune-mediated aseptic meningitis can also 
emerge [1, 17, 23]. 


Localized Reactions are primarily the Arthus reaction, which is an immune- 
mediated localized vasculitis characterized by necrosis of the skin or 
subcutaneous tissue that occurs between six and 24 hours after injection of a 
serum recognized by the human body [1, 17]. 


Type IV or Delayed Hypersensitivity Reaction 


This type of hypersensitivity is mediated by CD4 and/or CD8 T-lymphocytes and 
their products (interleukin-2, interferon-gamma, cytokines, efc.). This reaction can 
cause delayed contact dermatitis (contact hypersensitivity), vaccine-associated 
granulomatous inflammation and transplant rejection [1, 17, 21, 24]. 


In cutaneous processes, the delayed hypersensitivity reaction is developed in two 
phases: sensitization and elicitation. In the first phase, the antigen-specific 
effector T-cells are induced in the draining lymph nodes by antigen-captured 
cutaneous dendritic cells that migrate from the skin. In the second phase, the 
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dendritic cells activate the effector T-cells, inducing an antigen-specific 
inflammation [24]. 


An example of this type IV reaction is the Mantoux test, also known as the 
tuberculin reaction. Intradermal injection of tuberculin is followed by the T-cel- 
-mediated occurrence of localized cutaneous erythema, between 24 and 72 hours 
after injection. Under the microscope, perivascular lymphohistiocytic infiltrate is 
characteristic. This is usually a self-limited process, but epithelioid granulomas 
can occur at several weeks after injection [1, 17]. 


Latex-related contact dermatitis is difficult to differentiate from “latex allergy”, 
but this differentiation is essential for its treatment [21, 24]. Regarding the 
pathomechanism of allergic diseases in the genital area, type IV reactions, such as 
contact dermatitis, are more common than type I allergies [25]. 


Besides vaccines, several other drugs can interact with immune receptors, 
inducing delayed sensitivity through T-cell stimulation. The clinical features are 
generalized maculopapular reactions with identification of CD4 positive cytotoxic 
T-cells in the epidermis. In some cases, severe cutaneous syndromes can be 
induced [26]. Details of cutaneous ADRs (CU-ADRs) are presented in Chapter 
13. 


IMMUNOPATHOLOGY OF TRANSPLANTATION 


Before discussing the iatrogenic aspects of transplantation, it is worth mentioning 
some specific definitions [27, 28]: 


Donor = a person who is used as a source of biological material (blood, tissue or 
organ). 


Recipient = a person who receives biological material. 
Graft = human tissue/organ used for transplantation. 


Transplantation = transfer of tissue from one part of the body to another, or from 
a donor to a recipient. 


Autotransplantation (autograft, autoplasty, autologous graft) = transplantation of 
tissue from one part of an individual to another of the same individual (e.g., skin, 
bone). 


Isogenic/syngeneic transplantation = tissue/organ transplantation between 
genetically identic (syngeneic) persons (e.g., uniovular twins). 
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Allotransplantation/homotransplantation (allograft, homograft) = transplant of an 
organ or tissue between genetically different members of the same species 
(including cadaveric donor transplantation). 


Xenotransplantation/heterotransplantation (xenograft, heterograft) = transplant 
between two different species (from an animal to a human being). 


Rejection = an immune-mediated response of the human recipient, whereby the 
graft is attacked by the immune system components of the recipient. 
Autotransplantation and isogenic transplantation usually present good tolerance, 
while graft rejection is more common in cases of homotransplantation and 
xenotransplantation. 


Host-versus-graft disease = graft rejection as a result of the immune cells of the 
recipient attacking the donor’s organ. This is more common following solid organ 
transplantation. 


Graft-versus-host disease = attack of the host’s tissues by the sensitized 
lymphocytes of the donor tissue. This is more common in immunosuppressive 
patients and following bone marrow transplantation. 


Harvest injury of the graft = ischemia-related graft injury occurring between the 
time of removal of the organ from the donor and the cooling process. 


Mechanisms of Graft Tolerance — General Data 


The major histocompatibility antigen complex, also known as human leukocyte 
antigen (HLA) genes, is responsible for the tolerance or rejection of the allograft 
and xenograft. The HLAs are proteins located on bone marrow cells that initiate 
the onset of the immune response. Regarding the lymphocytes, T-cells are 
involved in the process of transplantation and B-cells, especially plasma cell 
synthesized antibodies, are their close immune partners. To ensure good tolerance, 
it is necessary to match the HLA genes of the donor and the recipient. Lack of 
immunologic similarity can induce a T-cell-mediated (or, more rarely, a B-cell 
antibodies-mediated) acute or chronic rejection. Besides proper donor selection, 
rejection can be avoided by using immunosuppressive drugs and/or anti- 
lymphocyte serum. The graft tolerance rate is approximately 85% for the kidney 
and heart, 75% for the liver and 70% for the lung and pancreas. Host-versus-graft 
and graft-versus-host diseases are well understood based on the mechanisms 
involved in graft rejection [1, 29, 30]. 


Host-Versus-Graft Disease 


This disease is most commonly involved in the transplantation of solid organs, 
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such as the heart, kidney, liver, lung and pancreas. The classification of the 
rejection depends on its timing [1, 31]: 


Hyperacute_ Rejection occurs within the first two to three days following 
transplantation and is the result of rapid synthesis of anti-graft antibodies. Both T- 
and B-cells are involved in this rejection. 


Acute Cellular (Antibody-Mediated) Rejection occurs in the first two to three 


months following transplantation and is a T-cell-mediated rejection. The bioptic 
specimens reveal a rich inflammatory infiltrate within graft parenchyma that is 
predominantly represented by the CD8 positive suppressor T-lymphocytes. The 
risk of rejection depends on the amount of inflammatory infiltrate and the size of 
the graft injured areas. Immunosuppressive drugs can successfully decrease the 
risk of rejection. 


Acute Vascular Rejection occurs in first two to three months following 
transplantation and is mediated by both T- and B-cells. It is characterized by 
vascular lesions. Under the microscope, a stepwise evolution is seen: endothelial 
swelling is followed by accumulation of inflammatory infiltrate. It is first 
subendothelially located and then presents intramural and transmural disposition. 
The arteritis-like lesions can be complicated by the formation of hyaline thrombi 
and, finally, intimal cell proliferation and fibrinoid necrosis. These vascular 
injuries cannot be cured using immunosuppressive drugs. 


Chronic Rejection is the final step of cellular/vascular rejection and occurs 
between one and two years following transplantation. It is mediated by both T- 
and B-cells. This type of rejection is observed in patients whose acute antibody- 
mediated rejection was suppressed using immunosuppressive drugs, allowing the 
patient to survive for a period of time but, later, intraparenchymatous fibrosis or 
fibrosis of the vascular wall with further ischemia emerges. 


Graft-Versus-Host Disease 


This disease is most commonly involved in bone marrow transplantation, but can 
also occur in lung transplant recipients. The main risk factor is the 
immunosuppressive status of the recipient. In these patients, the immune attack of 
the donor’s cells against the host induces severe clinical symptoms, such as fever, 
weight loss, maculopapular and/or erythematous cutaneous eruptions, 
hepatosplenomegaly, anemia, diarrhea and bronchiolitis obliterans in children. It 
is a life-threatening condition that can sometimes be cured with 
immunosuppressive drugs [1, 32]. 
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Post-Transplant Lymphoproliferative Disease 


This is a potentially lethal complication, with a 50% mortality rate, that can 
emerge after solid organ (usually heart or lung) or bone marrow transplantation. It 
occurs in approximately 10% of recipients and can lead to EBV infection. In 
normal conditions, EBV is stored in circulating B-lymphocytes and is controlled 
by EBV-specific cytotoxic T-lymphocytes with a role in preserving immunity. 
Post-transplantation, immunosuppressive drugs decrease the number of T-cells 
and can induce abnormal proliferation of EBV-infected B-cells, leading to 
tumorigenesis. Infusion of ex vivo T-cells has been recommended for such 
patients [2]. 


Heart Transplant-Related Lesions 


Before transplantation, graft survival is estimated based on a risk score assigned 
to the recipient and the donor. For the recipient, a shorter survival time is 
predicted when body mass index (BMI) is higher than 30, mean pulmonary artery 
pressure is higher than 30, serum creatinine levels are higher than 1.5 mg/dL, 
bilirubin levels are greater than 1.5 mg/dL and when a non-continuous flow left 
ventricle assist device is used. For the donor, graft survival time is predicted on 
the basis of age and whether a period of ischemia exceeds four hours [33]. 


Post-transplantation, correct postoperative care includes multiple ECGs, clinical 
and biochemical evaluation, and periodic endomyocardial biopsies: weekly for the 
first four weeks, biweekly for the next four weeks, monthly for the next six 
months, and then every other month for one year [31]. The following iatrogenic 
lesions may be encountered [1]: 


Harvest Injuries or Perioperative Ischemic Myocyte Injuries refer to ischemia- 
related disorders of myocytes, without the presence of inflammatory infiltrate. 


This is primarily a transient functional disorder but, in severe and/or long-term 
ischemia, graft survival can be impacted [31]. 


Hyperacute_ Rejection is microscopically characterized by the presence of 
intraparenchymatous inflammatory infiltrate and vascular lesions: hemorrhages 
and infrequent microthrombi formation. 


Acute Cellular Rejection is the most common type of heart rejection. It is graded 
according to the criteria of the International Society for Heart and Lung 
Transplantation. Interstitial myocarditis is the predominant lesion. Upon biopsy, 
the severity of the coagulative myocyte necrosis is graded as 0 (absent), 1 (mild- 
focal), 2 (moderate) or 3 (severe-confluent). This grading system is correlated 
with short-term survival, but not with the rate of one-year post-transplantation 
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survival [31]. 


Acute Vascular Rejection is very rarely seen. The vascular changes include 
endothelial swelling, endothelial cells leukocyte adhesion, thrombosis and 
vasculitis [31]. 


Chronic_Rejection is characterized by coronary sclerosis and/or interstitial 
myocardial fibrosis. Subendocardial inflammatory infiltrate, with a “sheet-like” 
arrangement, is one of the regular findings in such cases. The most recent 
experimental studies have proven that cannabidiol, a non-psychoactive constituent 
of marijuana with anti-inflammatory properties, could limit the severity of T-cel- 
-mediated chronic autoimmune interstitial myocarditis [34]. 


Postoperative Multisystem Organ Failure (MSOF) is a complication that can 


emerge a short time after any complex surgical procedure. The main clinical 
symptoms/disorders are acute pancreatitis with jaundice (Fig. 3-1) and septic 
shock. 





Fig. (3-1). In a patient who died in the first week following heart transplantation, generalized jaundice is 
seen on the skin (A) and internal organs (B-D). Heart (B), mesenterium (C, D) and liver (D) are impregnated 
with bilirubin and the bile is black-green stained (D). The patient died as a result of a postoperative MSOF 
involving fulminant acute pancreatitis (arrows) with hemorrhagic and areas of steatonecrosis (D). 


44 Textbook of Iatrogenic Pathology Jung and Gurzu 


Opportunistic Infections such as toxoplasma-induced myocarditis, can be a post- 
transplant complication as a result of immunosuppression. Infections with 
methicillin-resistant Staphylococcus aureus, cytomegalovirus (CMV), Nocardia 
and fungi, such as Blastomyces dermatitidis, have also been reported [1, 35]. 


Malignancies should be taken into account regarding heart transplant recipients. 
In the first 10 years following transplantation, a malignant tumor is developed in 
approximately 39% of recipients. Skin cancer and lymphoproliferative disorders 
are more commonly found in children, while lymphoma and HCC (Fig. 3-2) are 
more common in adult recipients. Other malignant tumors, such as lung cancer, 
bladder and prostate carcinoma and carcinomas of the oral cavity and GI tract, can 
also occur [1, 36]. 





Fig. (3-2). Multicentric HCC in a heart transplant recipient. 
Kidney Transplant-Related Lesions 


The success of renal transplantation depends on donor-specific antibodies against 
HLA that strongly influence the hyper acute and acute cellular rejection rate. To 
avoid this inconvenience, desensitization using immune globulin and rituximab or 
bortezomib (a proteasome inhibitor that depletes plasma cells) are proposed. 
Although the five-year graft survival rate for renal transplantation is greater than 
90%, graft rejections still occur, with the following particularities [1, 6, 30, 37 - 
40]: 
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Harvest Injuries refer to ischemia-related renal tube disorders. These involve 
tubular dilation and dystrophic lesions of the epithelium lining. The main 
consequences are functional disorders, both with and without anuria and hypo- 
anuria. Transient tube injuries are seen in 50% of patients and prolonged anuria 
occurs in one third of these. In such cases, the status of the donor or preexistent 
lesions of the host (infections, tubular necrosis, thrombotic microangiopathy, efc.) 
are responsible for harvest injuries. 


Hyperacute Rejection is microscopically characterized by intraparenchymatous 
inflammatory infiltrate, hemorrhages and vascular thrombi. 


Acute Cellular (Tubulointerstitial) Rejection is the most common type of renal 


rejection. The renal tubes are more affected than are the glomeruli. The rate of 
acute cellular rejection is higher in patients receiving desensitization therapy for 
donor-specific antibodies (9% versus 5% in non-desensitized patients). 


Acute Vascular Rejection is characterized by intimal or transmural arteritis with 
subsequent renal ischemia. Both cellular and humoral immune mechanisms are 
involved. The lesions do not usually respond to glucocorticoid pulse therapy. 
Anti-CD3 (muromonab) and anti-CD20 (rituximab) antibodies, OKT3 and anti- 
thymocyte globulin show better results. The severity of acute vascular rejection is 
greater than that of cellular rejection, especially in cases involving fibrinoid 
necrosis of the vascular wall. The one-year graft survival rate is approximately 
75-87% in the absence of graft rejection or presence of acute cellular rejection, 
58-65% in cases of vascular rejection with endarteritis, and only 1% in associated 
fibrinoid necrosis. The corresponding five-year survival rates are 73% (no 
rejection), 71% (acute cellular rejection) and 34% (vascular rejection). 


Chronic Rejection is a severe lesion responsible for renal failure in fewer than 8% 
of transplanted patients. The interstitium, renal tubes and glomeruli are affected 
and large fibrotic areas are seen under the microscope. 


Opportunistic Infections such as polyoma virus-associated nephropathy 
(nephritis) and visceral leishmaniasis, can be a post-transplant complication 


resulting from immunosuppression. Chronic urinary infections are detected in 
more than 13% of recipients. 


Malignancies are an important post-transplant cause of mortality. In Asian 
countries, urothelial carcinoma is the most common type of malignant tumor 
following renal transplant, occurring at a median interval of 17-20 months after 
transplantation. The incidence of urothelial carcinoma is 3.0% after three years of 
graft survival, increasing to 7.2% at six years and 17.5% at 10 years. In Western 
countries, non-melanoma skin cancer and lymphoproliferative disorders are more 
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common. These differences could be the result of using aristolochic acid-rich 
Chinese herbal medications, seemingly increasing the risk of urothelial 
carcinoma. However, this risk is also increased by the use of analgesics or 
calcineurin inhibitors, and is higher in females and elderly patients. The incidence 
of viral-related malignancies, such as HHV8-induced Kaposi’s sarcoma and 
HPV-induced cancer (cervical, anal, vulvar, vaginal, penile, head and neck), is 
also increased [37]. 


Liver Transplant-Related Lesions 


In patients undergoing hepatic transplantation, improper suture for hepatic artery 
anastomosis can lead to hepatic artery thrombosis and hyperacute rejection in 5% 
of cases [41]. Early biliary complications occur in 10-37% of patients, relating to 
anastomotic/non-anastomotic strictures, bile leak, biliary drain complications, 
papillary dysfunctions/stenosis, ischemic type biliary lesions and a mortality rate 
of 2-7% [42]. 


Acute cellular rejection is the most prevalent type of graft rejection. Under the 
microscope, periportal inflammation is predominant. Acute vascular rejection is 
rare and can display hemorrhagic necrosis. Chronic rejection is also rare and is 
characterized by progressive cholestasis [1]. 


Several other lesions can occur, such as recurrent hepatitis, functional cholestasis, 
stenosis of the inferior cava vein (Budd-Chiari syndrome), ascites, etc. In patients 
with pre-transplant hepatitis, the risk of recurrent or de novo hepatitis in the 
hepatic draft should be attentively estimated, especially in patients with high 
levels of serum hepatitis antigens [1]. 


The risk of candidemia is higher in abdominal organ than in thoracic organ 
transplantation. Viruses, such as CMV and EBV, and multidrug-resistant Gram- 
negative pathogens, such as beta lactamase-producing Enterobacteriaceae and 
carbapenem-resistant Klebsiella pneumoniae, can be responsible for post- 
transplant infections [43]. Invasive Aspergillus infections occur in 5-42% of liver 
transplant recipients [44]. 


In patients receiving liver or renal transplantation, post-transplant immuno- 
suppression can induce cutaneous disorders, such as infections and risk of 
malignant lesions [45]. The risk of lymphoproliferative disorders and skin cancer 
following a liver transplant is 10 to 30 times higher than that of the general 
population, while the risk of colorectal cancer is 2.5 times higher. Other solid 
tumors, such as HHV8-related Kaposi’s sarcoma (especially in endemic areas, 
such as Italy and Saudi Arabia) and HPV-related cervical cancer, can occur at a 
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median interval of six years after transplantation. Increased risk of kidney, 
pancreatic, breast, prostate and brain cancer has not been proven [6, 46]. 


Lifelong immunosuppression increases the risk of post-transplant metabolic 
alterations. Dyslipidemia, high atherogenic risk and changes in carbohydrate 
metabolism have been reported in patients receiving mammalian target of 
rapamycin (mTOR) inhibitors, anti-calcineurins and/or corticosteroids [6, 47]. 


Food allergies can arise following solid organs transplantation, especially in liver 
recipients, but can also be a complication for heart, lung, kidney or intestine 
transplants. Children are more predisposed than adults to developing this post- 
transplant complication [48]. 


Lung Transplant-Related Lesions 


The main risk, in the case of lung transplantation, is that of early infections. 
Opportunistic infections with CMV, herpes virus (HV) or Pneumocystis carinii 
can be responsible for the emergence of interstitial pneumonia. Post-transplant 
aspergillosis can also be detected, sometimes with a tumor-like aspect, during 
chest radiographic examination (aspergilloma) [49]. 


Other post-transplant complications are pneumothorax in the native lung, 
chylothorax and ascites [50]. In children, bronchiolitis obliterans can emerge as an 
indicator of a possible graft-versus-host immune response. This is known as 
bronchiolitis obliterans syndrome and is characterized by functional pulmonary 
changes that do not require histological confirmation. Forced expiratory volume 
(FEV) and forced expiratory flow (FEF) are, respectively, 10-19% and 25% 
decreased from the baseline [32]. 


Acute cellular rejection is microscopically characterized by the presence of rich 
inflammatory infiltrate within the alveolar septa and perivascular areas, along 
with associated bronchitis/bronchiolitis. Hemorrhages, necrosis and hyaline 
membranes (ARDS) occur in severe forms of acute rejection. Acute vascular 
rejection is rare. In children, the reported post-transplant survival rate is 96.6%, 
93.1% and 82.8% at one, three and 12 months, respectively [49]. 


The main challenge in patients receiving lung transplantation is chronic rejection. 
This is microscopically characterized by perivascular fibrosis. In children, the 
median post-transplant survival period is about 59 months (ranging from zero to 
159 months) [49]. In adults, the recently reported survival rate for Japanese 
patients with lymphangioleiomyomatosis who received lung transplantations was 
86.7%, 82.5%, 73.7% and 73.7% at one, three, five and 10 years, respectively. 
However, these rates were better than those for patients undergoing transplants for 
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other etiologies, and also than those recorded in the registry of the International 
Society for Heart and Lung Transplantation [50]. 


Post-transplant malignancies are relatively rare (9% of recipients) and primarily 
relate to thoracic malignancies that are more common in smokers. 
Lymphoproliferative disorders, cutaneous and non-cutaneous solid tumors 
(gynecological and GI tract malignancies, prostate, kidney, brain and breast 
cancer) have also been reported. The mean interval of cancer occurrence is about 
52 months following transplantation [51]. Unusual pulmonary allograft Kaposi’s 
sarcoma was reported in patients with HHV8 infection [46]. 


Bone Marrow Transplant-Related Lesions 


A proper evaluation of bone marrow or hematopoietic stem cells transplantation 
can be offered based on bone marrow aspiration. Success is characterized by the 
following smear characteristics [1]: 


First Day: presence of adipocytes and scattered inflammatory cells, without 
hematopoietic precursors. 


First Week: scattered erythroblasts and myeloblasts. 
Second Week: clusters of hematopoietic precursors. 
Third Week: hematopoietic cells with features between young and mature cells. 


Bone marrow rejection is a non-specific reaction of the human body under which 
bone marrow smears reveal a progressive loss of hematogenous cells, edema, 
hemorrhages, necroses and lymphoplasmacytosis, and formation of non-specific 
granulomas. The most common complications of bone marrow transplantations 
are opportunistic infections and graft-versus-host disease [1, 52]. 


Acute Graft-Versus-Host Disease 


The main histological feature of this disease is presence of rich perivascular 
inflammatory infiltrate but, in severe cases, the following manifestations are 
associated [1, 32, 53, 54]: 


Skin Lesions which can be classified according to four degrees of severity. Grade 
I relates to vacuolization of the epidermal basal cells and minimal perivascular 
lymphocyte infiltrate in the dermis, associated with rash. In grades II and III, 
presence of apoptotic keratinocytes is characteristic, while necrosis and bullae can 
be seen in grade IV (Fig. 3-3). Mucosal lesions can be associated. 
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Fig. (3-3). Generalized grade IV cutaneous lesions resulting from graft-versus-host disease in a patient who 
died following bone marrow transplantation. 


GI Tract Lesions which are the first sign of bone marrow rejection in 30-60% of 
cases. The clinical symptoms are diarrhea, vomiting, abdominal pain and 
infrequent functional ileus. Morphological lesions are similar to those produced 
by radio- or chemotherapy. Ulcerations and necroses predominantly occur in the 
mouth, esophagus, stomach and small intestine. Colonic lesions are classified 
according to four degrees of severity: grade I — focal crypt necroses; grade II — 
crypt abscesses; grade III — multi-crypt necroses; and grade IV — epithelial 
denudation. These can mimic ulcerative colitis. 


Liver Disorders which occur in later stages and relate to cholestasis and high 
serum transaminases levels. Under the microscope, cholestasis and degenerative 
changes to the intrahepatic bile ducts are characteristic. Epithelial bile duct 
regeneration can be associated with reactive cytologic atypia. The hepatocytes can 
present a ballooning aspect with infrequent necrosis. 


Lung Injuries which are more common in children. After hematopoietic stem 
cells transplantation, bronchiolitis obliterans can be an indicator of graft-versus- 


50 Textbook of Iatrogenic Pathology Jung and Gurzu 


host disease. The functional characteristics are similar to those reported regarding 
lung transplantation, but lesions are not as common. For this reason, other 
graft-versus-host diseases involving restrictive lung disorders, such as 
scleroderma, bronchiolitis obliterans organizing pneumonia and myositis, should 
be ruled out before establishing the diagnosis of post-transplant bronchiolitis. 
Moreover, spirometry is not feasible in young children. 


Renal _Disorders which, following allogenic hematopoietic stem cells 
transplantation, are rare complications characterized by nephritic syndrome, 
which can occur at a median time interval of 20.5 months (ranging from three to 
174 months) after transplantation. Under the microscope, membranous 
glomerulonephritis and minimal change disease are the predominant lesions. 
Corticosteroids and immunosuppressive drugs induce remission in 59.1% and 
81.3% of patients with membranous glomerulonephritis and minimal change 
disease, respectively. 


Chronic Graft-Versus-Host Disease 


This is a multiorganic syndrome that usually occurs approximately 100 days after 
bone marrow transplantation. The following manifestations can be encountered 
[1, 55]: 


Skin Lesions occur between three and four months after transplantation and can 
be localized or generalized. These lesions can mimic autoimmune and collagen 
diseases. Scleroderma-like lesions (atrophy of epidermis, dermal hyalinosis, etc.) 
and other manifestations, such as lichenoid or vitiligoid patterns with nail 
dystrophy, can also occur. Permanent alopecia of the scalp, also known as anagen 
effluvium, is a rare complication that can be induced by high doses of 
chemotherapeutics (mainly busulfan and cyclophosphamide), but can also be a 
dose-independent ADR. In some cases, it can be a clinical manifestation of 
chronic graft-versus-host disease of an unknown mechanism. The frontoparietal 
and temporal areas are especially affected. Under the microscope, this condition 
can have a non-scarring (several miniaturized follicles/vellus hair and few normal 
hair follicles) or scarring (concentric fibrosis around the follicles and lichenoid 
inflammatory infiltrate) pattern. 


GI Tract Lesions refer to fibrosis of the submucosa and serosa layers associated 
with perivascular hyalinization. Desquamative esophagitis is associated. 


Liver_Disorders relate to progressive bile duct degeneration and atrophy, 
cholestasis, fibrosis of the portal spaces and perivascular hyalinization. 
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Other Lesions 


Opportunistic Infections are frequent complications, occurring in half of 
recipients. They can be produced by viruses (EBV infection, HV-induced 
cutaneous lesions or conjunctivitis, etc.), bacteria (e.g., nocardiosis), parasites 
(e.g., leishmaniasis) or fungi [39, 52, 56, 57]. GI inflammation following bone 
marrow transplantation can be the consequence of acute graft-versus-host disease 
or a result of super infection by opportunistic organisms. Viral enteritis is 
common [54]. Septicemia following bone marrow transplantation is difficult to 
manage [58]. Delayed infections are primarily produced through T-cell-related 
cellular immunity disorders [56]. 


Malignancies mainly refer to EBV-induced lymphoproliferative disorders and 
lymphomas. Secondary aggressive malignant neuroendocrine tumors were also 
reported [57]. 


Other Complications occurring following bone marrow transplantation include 
ADRs and other autoimmune processes, such as neuromyelitis optica. 
Plasmapheresis can reduce their consequences [52]. 
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CHAPTER 4 


Iatrogenic Pathology of the Cardiovascular System 


Simona Gurzu' and Ioan Jung 
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Abstract: This chapter includes a synthesis of data regarding cardiovascular-related 
lesions induced by medical drugs or radiotherapy, and also relates to the specific 
injuries that can be caused by diagnostic and/or therapeutic interventions. The effects 
of chemotherapeutics and non-chemotherapeutic drugs on the myocardium are 
analyzed in detail, with a focus on anthracycline-induced cardiovascular effects in 
children. Some of the disorders are illustrated using representative pictures taken 
during autopsies. Although a common technique, insertion of prosthetic grafts can lead 
to complications, such as thrombosis, aberrant neointimal hyperplasia or dehiscence. 
Percutaneous vascular intervention complications can be related to the catheter or to 
the intervention itself. The differences between in-stent restenosis and postoperative 
thrombosis are also presented. The final part of this chapter is dedicated to open heart 
surgical intervention complications. 


Keywords: Adverse drug reaction, Anthracyclines, Arrhythmia, Cardiovascular, 
Hypersensitive cardiomyopathy, Hypovolemia, Myocarditis, Neointimal 
hyperplasia, Open heart surgery, Percutaneous intervention, Prosthetic graft, 
Stenosis, Stent, Torsade de pointes, Vasculitis. 


INTRODUCTION 


Cardiovascular-related iatrogenic lesions can be induced by medical drugs 
(ADRs), radiotherapy performed to treat mediastinal or lung tumors (see Chapter 
2), or diagnostic and therapeutic procedures. The specific ADRs and iatrogenic 
consequences of diagnostic and therapeutic procedures are presented in this 
chapter. 


DRUG-INDUCED LESIONS 
Chemotherapeutic Drugs 
Hypersensitive-mediated cardiomyopathy and toxic myocarditis are the most 
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severe chronic complications of antineoplastic therapy, especially in patients 
treated with anthracyclines (Table 4-1). A 10-fold higher risk of developing heart 
failure has been reported in doxorubicin users when compared to healthy patients 
[1]. Anthracyclines-induced mitochondrial DNA damage is more severe in 
patients below the age of four and above the age of 65 [1, 2]. Their combination 
with cardiolipins in the internal membranes of mitochondria leads to depletion of 
adenosine triphosphate (ATP) and decreased myocardial contractility. Then, 
mitochondrial edema produces necrosis of cardiomyocytes and subsequent 
myocarditis and myocardial sclerosis [1, 2]. It is a cumulative lifetime dose- 
dependent mechanism. 


In children, an average dose of 300 mg anthracyclines/m’ is considered to produce 
clinical heart failure within about seven years. In some cases, heart transplantation 
is required approximately nine years after cancer diagnosis. Long-term 
monitoring of cardiotoxicity (echocardiography at 3, 6, 12, 36, 60 and 84 months 
after completion of treatment), identification and normalization of ejection 
fraction, and treatment of heart failure can increase life expectancy in these 
patients. At the same time, drugs to treat anti-anthracycline cardiac-induced 
lesions, such as dexrazoxane, can be simultaneously prescribed in adult patients 
but are not yet approved for children. ACE inhibitors can also be used for 
myocardial protection. A decrease of the left ventricular ejection fraction of over 
10% below the lower value is an indicator for cessation of anthracycline-based 
therapy. In children, severe heart failure emerges as a result of anthracycline- 
induced cardiomyopathy, and cardiac transplantation offers a 50% chance of 10- 
year survival. This is the only therapeutic option in such cases [1]. 


Alkylating drugs, such as cyclophosphamide, can induce endothelial lesions and 
subsequent intramural hematomas and edema, but myocarditis and pericarditis 
have also been reported within two weeks of drug administration (Table 4-1). 
However, in most cases, only transient arrhythmia presents [1]. 


Table 4-1. Cardiovascular-related ADRs induced by antineoplastic drugs. Data from references [1 - 7]. 


Anthracyclines, cyclophosphamide, 5-fluorouracil (5-FU) 


Arrhythmia Cyclophosphamide, anthracyclines (ventricular/supraventricular 
arrhythmia), 5-FU, lithium 


Tachycardia Anthracyclines (sinus tachycardia) 


Torsade de pointes (polymorphic Anthracyclines 
ventricular tachycardia) — QT 
prolongation or long QT syndrome 
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(Table ) contd..... 


Alterative myocarditis/ Anthracyclines (daunorubicin, doxorubicin, epirubicin, 
Myocardial fibrosis — toxic effect idarubicin, mitoxantrone), 5-FU, cyclophosphamide, 
isophosphamide 


Cardiomyopathy Lithium, anthracyclines (congestive cardiomyopathy and left 
a a 


[Pericarditis/endocarditis = [Anthracyclines, cyclophosphamide o cyclophosphamide 


Vasculitis/thrombosis Cyclophosphamide, vaccines 


Other chemotherapeutics known to induce cardiovascular disorders are 5-F- 
-based agents that can cause contraction of the coronary vessels with subsequent 
myocardial ischemia and arrhythmias [1]. Intravenous administration of 5-FU 
induces more severe cardiotoxicity as compared to oral fluoropyrimidine, such as 
capecitabine [4, 5]. However, even in cases of oral administration of capecitabine 
combined with oxaliplatin (XELOX or CAPOX regimens), long-term use at high 
doses induces cardiotoxicity in 1-18% of cases [5 - 7]. Angina is the most 
common consequence, but myocardial infarction and lethal myocardial fibrosis 
(Fig. 4-1) occur in 11% of patients with capecitabine-induced cardiotoxicity [5 - 
7]. 








Fig. (4-1). Chemotherapy-induced lethal cardiotoxicity. The 36-year-old female received capecitabine and 
oxaliplatin, and subsequently developed diffuse myocardial fibrosis, emphasized in red with Van Gieson’s 
stain. Ob. 4x. 
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Non-Chemotherapeutic Drugs 


Antirabic vaccine, noradrenaline overdose and other agents, such as 
amphetamine-containing weight-loss pills, are known to induce myocarditis. In 
our department, three young females of ages ranging from 30 to 35 years, all 
long-term users of weight loss pills, presented in the emergency department with 
symptoms suggesting myocarditis. Two of these patients died suddenly. 


Alpha blockers, used for the treatment of benign prostate hyperplasia, can produce 
palpitations, extrasystoles, long QT syndrome with a risk of torsade de pointes, 
angina exacerbation, postural hypotension and potentially life-threatening 
ventricular arrhythmias [8]. For this reason, anti-prostatic hyperplasia drugs 
should not be sold without a medical prescription and measurement of the QT 
interval is necessary in long-term users. In elderly males with cardiac disorders, 
the use of such drugs should be taken into account when making a proper 
diagnosis and devising a therapeutic regimen. 


Drug-induced long QT syndrome can also occur in patients taking 
fluoroquinolones, antihistamines or antiarrhythmic drugs class IA (disopyramide, 
procainamide) or class II] administered orally (amiodarone) or intravenously 
(ibutilide, almokalant). Simultaneous use of an antiarrhythmic drug class I/II and 
second generation antihistamines is not permitted. At the same time, 
antiarrhythmic drugs should not be used in conjunction with tricyclic depressants. 


Table 4-2. Vascular disorders induced by non-chemotherapeutic drug. Data from references [1 - 10]. 


Vasodilation, hypovolemia | Thiopental (anesthetic barbiturate), iodinated intravenous contrast, osmotic 
agents (mannitol), Kayexalate® (sodium polystyrene sulfonate) — used to treat 
chronic renal failure and decreases kalemia 


Beta blockers (atenolol, propranolol, metoprolol, pindolol, alprenolol), diuretics 
Peripheral edema Corticosteroids, beta blockers (atenolol) 


Vasculitis/thrombosis Sulfonamides, aspirin, phenylbutazone, penicillin, augmentin (amoxicillin with 
clavulanate), chlorpromazine, promethazine, thioridazine, lithium, 
amitriptyline, cytotoxic drugs (cyclophosphamide), serum sickness, 
procainamide, hydralazine, iodine, bromocriptine (anti-prolactin drug), 
etomidate (anesthetic drug), estrogen, tamoxifen 


TTP = Thrombotic thrombocytopenic purpura. 
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Aside from the drugs listed in Tables 4-2 and 4-3, cardiovascular iatrogenic 
disorders can also be produced by antimicrobials (erythromycin, clarithromycin, 
fluoroquinolones), antifungals (ketoconazole, itraconazole), antimalarials 
(quinine, halofantrine), neuroleptics (phenothiazine, thioridazine, chlorpromazine, 
haloperidol), antipsychotics (sertindole, pimozide), prokinetics (cisapride), 
antispasmodics (terodiline), etc. Insulin stimulates intramyocardial lipid storage 
and ventricular hypertrophy, increasing the severity of diabetic cardiomyopathy 
[9, 10]. 


Table 4-3. Cardiac disorders induced by non-chemotherapeutic drugs. Data from references [1-10]. 


Arrhythmia Digitalis (and calcium), beta-adrenergics, quinine, tricyclic 
antidepressants (amitriptyline, doxepin, desipramine, imipramine, 
clomipramine) 


Long QT syndrome/torsade de Fluoroquinolones (sparfloxacin), antihistamines (terfenadine, 
pointes astemizole), bepridil, prenylamine, droperidol, alpha blockers 


Hypotension/hypertension Glucocorticoids, sympathomimetics, sulfonamides (sulfadiazine), 
neuroleptics/antidepressant drugs (imipramine, doxepin, promethazine), 
cyclosporine, bromocriptine (anti-prolactin drug), intravenous 
anesthetics (propofol, ketamine), inhalational anesthetics (enflurane, 
isoflurane, desflurane), contraceptive pills 


Bradycardia/ Neuroleptic/antidepressant drugs (imipramine, clomipramine, 
tachycardia reserpine), barbiturates (thiopental) inhalational anesthetics 
(desflurane), depolarizing myorelaxants (succinylcholine) 


Pericarditis Emetine, procainamide, hydralazine, isoniazid, minoxidil 
Endocarditis Corticosteroids, antibiotics 


Alterative myocarditis/fibrosis Penicillin, sulfonamides, amphetamines, methyldopa, antirabic 
vaccination 


Interstitial myocarditis/fibrosis Penicillin, ampicillin, tetracycline, streptomycin, cephalosporin, 
sulfonamides, methyldopa, digitalis, procainamide, phenylbutazone, 
amitriptyline, theophylline, furosemide, reserpine, spironolactone, 
diclofenac, indomethacin, isoniazid, allopurinol 


Cardiomyopathy Emetine, phenothiazines, isoproterenol, chloroquine (antimalarial, 
antiretroviral in HIV infection, antirheumatic) 

Myocardial hypertrophy/fatty Insulin 

change 

Heart failure Chlorpromazine, imipramine, amitriptyline, progesterone, drugs used 
for penile erectile dysfunctions, especially in association with nitrates 
(sildenafil, tadalafil, vardenafil) 
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IATROGENIC LESIONS DURING DIAGNOSTIC AND THERAPEUTIC 
PROCEDURES 


Insertion of Prosthetic Grafts 


Prosthetic cardiovascular grafts are fabricated using synthetic polymers (e.g., 
polytetrafluoroethylene [ePTFE], polyethylene terephthalate [Dacron*], poly- 
urethane, polycarbonate-urethane), metal, plastic, biopolymers/biomaterials (e.g., 
polyglycolic acid, polyhydroxyalkanoates, polycaprolactone) or nanocomposites. 
They are usually larger than 6 mm, with the exception of the new generation of 
tissue-engineered vascular prostheses, which allow for the synthesis of smaller 
grafts with high porosity [11]. 


Graft insertion is followed by a local inflammatory reaction, ultimately leading to 
graft incorporation with newly formed connective tissue lined with neointima. 
This is a stepwise process that comprises three phases [11 - 14]: 


The proliferative phase occurs in the first two weeks following graft insertion and 
is primarily characterized by proliferation of granulation tissue that penetrates 
within the prosthetic wall of the metallic or plastic network. The newly 
synthesized extracellular matrix then promotes formation of the neointima on the 
inner graft surface. 


The graft _endothelialization phase occurs between 10 days and one month 
following graft insertion. The attached endothelial cells originate from the 
circulating pluripotent bone marrow-derived mesenchymal cells. The complete 
endothelialization is followed by vascular remodeling. 


The stabilizing phase occurs during the subsequent six months and involves the 
formation of a connective tissue-embedded prosthetic graft that incorporates 
myofibroblasts and smooth muscle fibers. The biodegradable scaffolds degrade 
after about four weeks and, within six months, are completely absorbed and 
replaced by an extracellular matrix that incorporates collagen and elastin fibers. 


Graft endothelialization is mandatory for controlling thrombosis, excessive infla- 
mmation and intimal thickening. Neointimal hyperplasia, which can occur during 
the second phase of incorporation, can induce early restenosis, especially in small 
vessels. During the third phase, formation of irregularly dispensed connective 
tissue can be a cause of late in-stent luminal restenosis. Other incorporation- 
related complications are the following: thrombosis with/without vascular 
occlusion (most common between days four and seven), prosthetic aneurysmal 
dilatation, dehiscence, graft rupture and perivascular hemorrhage [11 - 14]. These 
graft-related complications are presented in detail in the following sub-chapters. 
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Thrombosis, dehiscence and infections are major complications occurring after 
open vascular repair with Dacron or ePTFE prostheses (Fig. 4-2). Dacron 
wrapping of aortic dissection or aneurysm can also be followed by 
dissection/rupture of the subjacent artery segments (Fig. 4-3), probably as a result 
of tissue ingrowth [11]. Perioperative rupture of the tube and thrombosis are 
associated with a mortality rate of approximately 32% [15, 16]. In one of our 
cases, a 70-year-old male was hospitalized with severe generalized atherosclerosis 
and rupture of the abdominal aneurysm localized at the aortic bifurcation. A 
Dacron tube was inserted to replace the distal abdominal aorta and common iliac 
arteries (Fig. 4-4), but lethal thrombosis occurred two days after surgery [17]. 





Fig. (4-2). Insertion of Dacron devices — autopsy findings. A — Dacron mesh used for aortoplasty, in a patient 
with aortic aneurysm who died due to myocardial infarction; B — Dacron tube used for aortoplasty, in a 
patient with severe atherosclerosis and dissection of ascending aorta who died due to hemorrhagic shock; C, 
D — Dacron tube used for aortofemoral bypass, in a patient with generalized obstructive atherosclerosis who 
died due to myocardial infarction. 
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Fig. (4-3). Insertion of a Dacron tube for aortoplasty in a patient with severe atherosclerosis and dissection of 
the ascending aorta (left). The patient died as a result of subsequent dissection of the abdominal aorta (right) 
and hemorrhagic shock. 





Fig. (4-4). Insertion of a Dacron tube for aortoplasty and replacement of common iliac arteries in a patient 
with aneurysm of the abdominal aorta and severe atherosclerosis. The patient died due to thrombotic 
complications. 


The late rupture of abdominal aortic aneurysm after endovascular repair occurs in 
0.9% of cases, after a median time of 37 months, primarily due to graft-related 
endoleaks [16]. Only 45% of ePTFE grafts are patented as femoropopliteal bypass 
grafts at five years [11]. 


Following percutaneous atrial septal defect closure using Dacron grafts, 
postoperative arrhythmias have been reported in 5.8% of patients. Device 
embolization (0.8% of cases), thrombosis (1.2%) and central retinal artery 
occlusion are infrequent complications. The mortality rate is about 1% and post- 
percutaneous fixing of the septal defect’s surgical closure is necessary in another 
1.2% of cases [18, 19]. 
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PERCUTANEOUS VASCULAR INTERVENTIONS 


Percutaneous coronary interventions (PCIs) refer to diagnostic angiography, 
balloon angioplasty and stent implantation. They are commonly used in 
departments of interventional cardiology and are performed through cardiac 
catheterization via femoral or, more rarely, radial arteries. Percutaneous coronary 
angioplasty (PTCA) is performed for balloon dilatation or stent implantation in 
patients with obstructive arterial lesions [20]. 


The conceptual description of coronary angioplasty was first put forth in 1964 by 
Dotter and Judkins, who originally used an implantable prosthetic device. In 
1977, Gruentzig and Myler performed the first coronary angioplasty followed by 
balloon angioplasty, while in 1979 Hartzler performed the same on a patient with 
acute myocardial infarction. The second important moment was marked in 1986 
when Sigwart and Puel realized the first stent implantation in a human coronary 
artery. In 1994, the FDA approved the use of stents for vascular dilatation after 
failed balloon angioplasty [21]. 


In the period leading up to 1999, the bare metal stent (BMS) was progressively 
replaced by various drug eluting stents (DESs), first with sirolimus, then with 
everolimus, taxol, pimecrolimus and dual pimecrolimus-paclitaxel [21, 22]. 


The latest stent types approved by the European Medicines Agency (EMA), in 
2011, are the so-called bioresorbable vascular scaffolds (BVSs) [21]. BVS is 
made up of several types of alloy, such as magnesium, poly-L-lactic acid, poly-- 
-lactic acid, tyrosine polycarbonate or poly-salicylic acid, and, by comparison 
with the BMS, the BVS is thicker (80 vs. 150-200 um) [20, 23]. Some of the 
BVSs are paclitaxel, everolimus or sirolimus and the resorption time is between 
one and three years, with minimal lumen loss, ranging from 0-0.64 mm [23]. 
BVSs were used in approximately 30 cases in 2011, and the number of PTCA 
cases involving BVS increased to 13,000 in 2014. The newest BVS is the 
novolimus-eluting stent, with a thickness of 100 um [23]. 


Aside from coronary arteries, percutaneous angiography/angioplasty is also used 
for stent insertion in femoral arteries, carotid arteries or for other obstructive 
arterial lesions [24]. Bifurcation stents are also known to be used in daily practice. 


Percutaneous graft insertion can be followed by catheter- or patient-related 
complications. These are most commonly periprocedural vascular lesions, but 
systemic complications have also been reported [25]. No absolute indications are 
known for coronary angiography or carotid endarterectomy, but special attention 
should be paid to diabetics, patients with morbid obesity, cardiomyopathy or 
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severe brain ischemia. Acute renal failure has been reported in 2% of cases and 
the post-angiography mortality rate is approximately 0.08% [26]. 


A. Catheter-Related Vascular Lesions 


Peri-PCI vascular lesions occur in about 0.7-1.7% of cases [27, 28]. Over recent 
decades, a significant decrease of this rate was observed, dropping from 1.7% in 
1998 to 0.2% in 2007. After PTCA, the complication rate decreases from 3.1% to 
1% [29]. In the first month following PTCA, local delivery of pro-angiogenic 
substances, such as vascular endothelium growth factor (VEGF-A), seems to 
reduce the risk of thrombosis [12, 13]. The VEGF-A-eluting stents have not been 
proven to accelerate neointimal formation or to decrease the risk of in-stent 
restenosis [30]. DESs with everolimus or other substances have been proven to 
significantly reduce neointimal proliferation [22]. 


1. Vascular Lesions at the Place Of Insertion of the Catheter 


After the femoral approach, hematoma following sheath removal emerges in 90% 
of patients, usually without consequence (Fig. 4-5). Hematoma occurs more 
commonly following puncture above the inguinal ligament and can be prevented 
using manual compression for 20-30 minutes after catheter removal [25, 31]. 
Although rare, large hematomas can produce compression of vessels and nerves, 
leading to further periprocedural deep vein thrombosis and neuropathies, such as 
meralgia paresthetica [32]. 


Femoral pseudoaneurysm, also known as periarterial pulsating hematoma or sprue 
aneurysm, is reported in 0.42-3.7% of cases. It involves, most frequently, the 
superficial femoral artery, due to its smaller caliber as compared to the common 
femoral artery, and lack of underlying bone (low access). Pseudoaneurysm can be 
a consequence of lacking manual compression [25, 31]. 


Other rare local complications are arteriovenous fistulae (0.25-1%) and iliac 
artery dissection [33]. Femoral thrombosis/embolism can occur in 0.25-0.42% of 
cases, primarily in females with DM or peripheral arterial disease. It can induce 
limb ischemia, white painful foot, and sensory and motor disorders [34]. The rate 
of complications depends on the type of catheter, intervention and anticoagulant 
therapy. Obesity increases the risk of acute complications [31]. 


The most common chronic complication of catheter-related arterial injuries is 
femoral neuralgia syndrome. It was reported in about 30% of patients in the 1990s 
[35], but is rare nowadays. Chronic ischemia-induced neuralgia of the internal 
saphenous nerve following catheterization of the femoral artery was reported in 
one recently published case [36]. 
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Fig. (4-5). Subcutaneous hematoma at the site of insertion of the catheter for transfemoral PCI. 


2. Vascular Lesions during Catheter Advancement 


In hypertensive patients with severe generalized atherosclerosis who underwent 
PCI, dissection or perforation of the abdominal aorta with subsequent 
hemoperitoneum or retroperitoneal hematoma was reported in fewer than 0.8% of 
cases. The risk is higher in patients receiving antiplatelet or anticoagulant therapy 
[37]. 


Although rare, dissection or rupture by the catheter of the ascending aorta can be 
fatal. Rupture of the guidewire or direct aortic involvement following dissection 
of the coronary artery can lead to the formation of a periaortic hematoma with 
subsequent hemopericardium. In one of our cases, percutaneous stent implantation 
into the femoral artery via the subclavian artery was followed by aortic root 
perforation and cardiac tamponade, as a result of the abnormally detached 
guidewire (Fig. 4-6), probably due to a manufacturing defect [17]. 


In patients with aortic coarctation who have undergone endovascular therapy, 
aortic rupture has been reported in 23 cases published since 2015. Periprocedural 
aortic aneurysm has also been reported following angioplasty (0-13%), BMS (0- 
5%) and DES insertion (<1%) [38]. 


Stent insertion via carotid endarterectomy can predispose the patient to arterial 
dissection, embolization and thrombosis. In one recently published case regarding 
a 78-year-old woman who underwent carotid endarterectomy combined with 
coronary artery bypass grafting, rupture of the internal carotid artery at the distal 
tip of the stent was observed. To save the life of the patient, insertion of a 
prosthetic graft was performed via a small saphenous vein [24]. 
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Fig. (4-6). The guidewire detached (top) during implantation of a BMS into the femoral artery (bottom) via 
the subclavian artery, followed by perforation of the ascending aorta (top). The patient died as a result of 
cardiac tamponade. 


In patients with atrial fibrillation, percutaneous radio frequency catheter ablation 
can be successfully performed. During ventricular or right heart catheterization, 
cardiac perforation, damage to the aortic valves and thermal esophageal lesions 
have been reported [39]. 


3. PCI-Related Lesions of the Coronary Arteries 


The most common PCl-related complications are coronary artery perforation, 
dissection or restenosis, in-stent restenosis and thrombosis. Other rare lesions are 
coronary artery-left ventricular fistulae, stent displacement, intraventricular stent 
loss, etc. 


e Coronary artery perforation 


The incidence of coronary artery perforation significantly decreased from 3% 
during the 1990s to 0.3-0.6% in the 2000s [40 - 42]. Based on the size and extent 
of perforation, Ellis’s angiographic classification (1994) identifies four types of 
perforations [43, 44]: 
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e Type I: incomplete perforation of the vascular wall, with formation of an 
intramural crater and without extravasation of the contrast medium (20%). 

e Type II: complete perforation with extravasation limited to the pericardium or 
myocardium (39%). 

e Type III: severe extravasation with frank or delayed tamponade (41%). 

e Type IV: prominent extravasation into the heart chambers (<0.8%). 


The risk of coronary artery perforation is higher in female patients (due to their 
narrower vessels) and hypertensive patients, but also in patients with severe 
coronary sclerosis and calcified areas larger than 10 mm [42]. Aggressive arterial 
handling or debulking in a fully-anticoagulated patient can also cause perforation. 
Rupture is more common in cases of insertion of stents with a hydrophilic or stiff 
guidewire or in cases of use of an oversized balloon. Distal rupture of the 
guidewire has rarely been observed [43]. The risk of tamponade is 0.4%, 3.3% 
and 45.7% for patients of Ellis’s perforation classes I, II, and III, respectively 
[42]. 


e Coronary artery dissection 


PCI-related coronary artery dissection has been reported with an incidence of 
0.75-39%. The highest risk of dissection was observed in patients with severe 
coronary sclerosis, ST-elevation or associated myocardial infarction. 
Anticoagulant therapy, implantation of short stents and a dissection flap thickness 
larger than 0.31 mm are also risk factors of dissection [45, 46]. 


Based on the size and aspect of the angiography-detected luminal filling defect, 
six types of coronary dissections have been proposed by the National Heart, Lung 
and Blood Institute (NHLBI) [47]: 


e Type A: minimal luminal narrowing (minor radiolucent area). 

e Type B: formation of a false lumen (double lumen). 

e Type C: contrast medium seen as an “extraluminal cap”. 

e Type D: spiral luminal filling defect (“barber shop pole”). 

e Type E: new persistent filling defect within the lumen. 

e Type F: total luminal occlusion without distal anterograde flow, with retrograde 
spread into the aorta (Fig. 4-7). 


The coronary dissection types A and B occurs in 58% of cases and are clinically 
benign lesions. In patients with dissection types C-F, luminal obstruction is 
associated with myocardial infarction and/or cardiogenic shock. Open bypass 
surgery is thus necessary to save the patient’s life [17, 45, 47]. 
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In 60.8% of patients with PCI-related aortic dissection, the entry point is a 
coronary artery dissection [48]. The right coronary artery is more frequently 
involved (84.2%) with no difference between the use of BMS or DES [45, 47]. 





Fig. (4-7). Subepicardial hematoma (A, B) in a 74-year-old female with type F coronary artery dissection (C) 
after coronary angiography. The patient died as a result of cardiac tamponade. 
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e Coronary artery restenosis 


Vascular restenosis occurs in 40-50% of cases and secondary angioplasty is 
necessary in 20-30% of restenotic cases. The process begins with damage to the 
intima and atherosclerotic plaques during stent insertion. Then, negative 
connective tissue remodeling occurs during the second phase of stent 
incorporation. This is followed by excessive connective tissue formation during 
the stabilizing process, inducing enlargement of the preexisting atherosclerotic 
plaques. In contrast, positive remodeling produces excessive coronary artery 
dilatation [14]. 


e In-stent restenosis 


A stenosis greater than 50% is the result of excessive neointimal hyperplasia (the 
second phase of stent incorporation) followed by irregular connective tissue 
formation during the stabilizing period. After implantation of a BMS in-stent, 
restenosis occurs in 25% of patients and has been long considered as “the 
Achilles’ tendon of PCI’. The discovery of a DES that inhibits neointimal growth 
was thought to avoid this complication [12, 49]. However, after DES insertion, in- 
stent restenosis is still reported in 3-20% of patients [49]. The sirolimus DES 
insertion can be associated with a focal (<10 mm length) stenosis, but this can 
also be diffuse (>10 mm) after paclitaxel DES [50]. 


In-stent restenosis remains the most common post-PTCA complication requiring 
coronary artery bypass grafting or coronary endarterectomy with/without stent 
removal. Removal of the atheromatous core within the restenosed DES is more 
difficult than for BMS [49]. Implantation of BVS has recently been suggested for 
patients with BMS/DES in-stent restenosis [51]. 


To reduce the risk of restenosis, normal BMI and normal blood pressure is 
required at the time of PCI (<140/90 mm Hg), and small DES lengths are 
indicated [52]. Little is known about the mechanism of late in-stent restenosis, 
which can occur at one year after PTCA and is more severe for DES than BMS 
[53]. 


e Thrombosis 


After balloon dilatation, coronary artery thrombosis occurs in 5-10% of cases. The 
main cause is rupture of the atherosclerotic plaques with/without subsequent 
coronary dissection [14]. The thrombosis can be acute (periprocedural, first day 
after PCI), subacute (second day to one month), late (one month to one year) or 
very late (more than one year) [54]. 
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In-stent thrombosis is very rare. For both BMS and BVS implantation, the 
reported incidence of acute/subacute thrombosis is about 1% [51]. It is mainly 
caused by stent malposition, improper stent expansion and inadequate antiplatelet 
therapy. Nickel allergies have also been reported to induce BMS-related 
thrombosis [55]. Very late thrombosis is more common after DES implantation 
than after BMS. This thrombosis can be a neoatherosclerosis complication. Its 
genesis is caused by poor and incompetent regenerated endothelium, which 
presents poorly formed cell junctions, reduced expression of antithrombotic 
molecules and decreased nitric oxide production [53, 56]. 


e Coronary artery aneurysm 


A true aneurysm is defined as a vascular dilatation above 20% that occurs 
following PCI. The reported incidence rate is 0.3-3.9%, which is slightly higher 
following BMS than DES [57]. Glucocorticoids increase the risk of aneurysm 
formation. The following three types of post-PCI aneurysms are described in the 
literature [58, 59]: 


e Type I: acute aneurysm — occurs between three and four weeks after stent 
implantation, presenting fast growth and frequently associated pericarditis. 

e Type II: sub acute to chronic aneurysm — occurs after six months following stent 
implantation, can be asymptomatic or associated with angina. 

e Type III: mycotic aneurysm — has been reported for both DES and BMS 
implantations. Fever and systemic disorders (bacteremia) are associated with 
this type. 

o Coronary artery pseudoaneurysm 


This is a complication of coronary artery dissection attributable to mechanical 
trauma during catheter advancement. Its occurrence is caused by thrombolytic 
therapy. Spontaneous closure and very late thrombosis of the false aneurysm have 
been reported between one and 11 years following angioplasty [60]. 


B. Other complications of percutaneous vascular interventions 


e Allergy - usually caused by medications used for anesthesia, can lead to 
asthmatiforme crisis, vasopressor syncope, anaphylactic shock, etc. [61]. 

e Heparin-induced thrombocytopenia — an immune-mediated lesion that can 
emerge a few days following intervention. Its incidence is approximately 1-3%. 
Procoagulant/pro-inflammatory agents can cause thrombosis [55]. 

e Infections — the peripuncture gateway is the most common source of infections 
that can lead to septicemia. The incidence is below 1% and the agent involved is 
usually Staphylococcus aureus. In PTCA, the critical period of occurrence of 
positive blood cultures is between the first hours (18% of patients) to 12 hours 
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(12%) after angioplasty. Most cases are asymptomatic [62]. 

e Cholesterol crystals embolism — emboli are released from the injured atheromas 
in about 2% of patients. It is usually an asymptomatic process, but finger 
cyanosis can be associated, primarily following femoral/radial puncture. Retinal 
atheroembolism has been infrequently reported following coronarography [63]. 
Nephropathy — contrast-induced tubular/interstitial nephropathy — defined as 
rising serum creatinine level of > 0.5 mg/dL (25% above the baseline value) or a 
> 25% drop in the estimated glomerular filtration rate after contrast 
administration — occurs in 3-30% of cases, representing one third of in-hospital 
acute kidney injuries [64, 65]. Risk factors are DM, preexisting chronic renal 
dysfunction and older age. Regards the contrast agent, large volume and high 
osmolar contrast substances are more prone to inducing allergy (3.1% of cases), 
as compared to low (0.7%) or iso-osmolar agents (<0.5%) [64]. In kidney 
transplant recipients with stable kidney function prior to hypo-osmolar iodinated 
intravascular contrast administration, the reported incidence of acute contrast- 
induced nephropathy is 5.64% [65]. In most cases, this relates to a mild type 
nephropathy that is reversible within seven days, but in severe forms 
hemodialysis might be necessary. 

e Periprocedural myocardial infarction — PCI-related myocardial infarction 
occurs with an incidence of 0.05-0.07%, rising even higher in cases of multiple 
stents implantation [66]. After carotid endarterectomy, the risk of myocardial 
infarction is about 0.8% and depends on the patient’s age, history of coronary 
artery disease, peripheral artery disease and restenosis. The risk is slightly higher 
for carotid angioplasty and stenting, associated with a risk of 0.7% [67]. 

e Arrhythmia — bradycardia occurs in 3.5% of patients and _ post-PCI 
tachyarrhythmia affects approximately 0.1% of patients [68]. 

e Cerebrovascular disorders — PCI-related stroke is reported in 0.23-0.44% of 
cases, being caused by microemboli, broken atheromas or air embolism [69]. 
Carotid angioplasty and stenting are associated with higher risks of 
periprocedural stroke and death as compared to carotid endarterectomy [67]. 


OPEN HEART SURGERY 


A. Postoperative Complications 


During open heart surgery, extracorporeal circulation can induce severe hypoxia 
with subsequent brain hypoxic lesions and/or severe hemolysis with acute renal 
failure. Hypoxia-related hemorrhagic subendocardial necrosis (Fig. 4-8) can 
induce ventricular fibrillation. Focal necrosis is not lethal. 


Postoperative fibrinous pericarditis is a common complication that is usually 
without clinical consequences. 
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Stone heart syndrome is an ischemic irreversible myocardial contraction that 
occurs, though rarely, as a complication of cardiac surgery. Myocardial stunning 
(neurogenic stunned myocardium) is an ischemia-induced decreasing of left 
ventricular myocardial contraction [70]. 


Coronary artery-ventricular fistulae have been reported in 0.22% of patients who 
have undergone open heart surgery. The left ventricle is primarily involved, but 
communication with the right ventricle, right atrium, pulmonary artery and 
coronary sinus can also occur. The main consequence is myocardial ischemia with 
postoperative ST segment depression or T wave abnormalities detected on the 
ECG [71]. 





Fig. (4-8). Left ventricle diffuse subendocardial hemorrhagic necrosis following open heart surgery. The 
patient died as a result of cardiogenic shock. 


B. Prosthetic Valve Replacement 


The implantation of glutaraldehyde-fixed biological valves can be complicated by 
dystrophic calcification, valvular deformities or stenosis and functional disorders. 
The development of decell techniques, space filler and detoxification of porcine 
valves have been experimentally tested [72]. 


The implantation of mechanical valves can be followed by infection, thrombosis, 
embolism and dehiscence (between the valve and the anulus fibrosus) with further 
paravalvular leakage and/or perivalvular prosthetic regurgitation. Closure of the 
paravalvular leak can be performed percutaneously using specific devices [73]. 


During mitral valve replacement, the coronary sinus can be damaged [74]. Left 
ventricular rupture has been reported in 0.7% of patients who have undergone 
mitral valve replacement, with 50-67% of these leading to in-hospital death [75]. 
Based on their location, three types of ventricular ruptures that can occur after 
mitral valve replacement are known [76, 77]: 
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e Type I: rupture located in the atrioventricular groove. This is the most common 
type of rupture that occurs in patients with calcified mitral valve annulus or 
bacterial endocarditis with mitral valve annular abscess. It can be caused by 
resection of the posterior leaflet and chordae, placement of subannular sutures 
for valvular replacement and improper inspection of the left ventricular posterior 
wall after surgical replacement. 

e Type II: rupture located at the base of the papillary muscles. This type is a 
consequence of excessive resection of the posterior papillary muscles. 

e Type III: rupture of the posterior left ventricular wall. This type of trauma is 
extremely rare and can occur after implantation of large valves. 


Aortic valve replacement can be followed by fibrosis of endocardium and aortic 
intima with subsequent stenosis of the coronary artery orifices and myocardial 
ischemia [78]. A high risk of heart failure is reported for patients who undergo 
aortic valve replacement after prior coronary artery bypass surgery with patent left 
internal thoracic artery. In these cases, the intraoperative injuries of the left 
internal thoracic artery can lead to inadequate myocardial preservation during the 
cross-clamp period. This complication can be avoided by controlling the arterial 
flow through extrathoracic supraclavicular occlusion [79]. Delayed chylopericar- 
dium (1500 cc milky fluid in the pericardial cavity) has been reported as a rare 
complication within four months of aortic bioprosthetic valve replacement [80]. 


Postoperative invasive hemodynamic monitoring with a pulmonary artery catheter 
(Swan-Ganz catheter) can induce pulmonary artery rupture and massive lethal 
pulmonary hemorrhage or pulmonary artery false aneurysm. This can be seen on 
chest radiographs and CT scans as a lung nodule, usually on the right lung, which 
should be differentiated from lung tumors — embolization is the treatment of 
choice [81]. 


C. Coronary Artery Bypass Grafting 


In patients undergoing aortocoronary bypass graft surgery following previous 
valvular replacement, the risk of acute myocardial infarction and/or left 
ventricular rupture is increased (Fig. 4-9). Infarction in other organs, such as the 
kidney or intestine, can be associated (Fig. 4-10). 


Aortocoronary replacement by the saphenous vein can be followed by graft 
arterializations and risk of atherosclerosis, due to high-pressure distension. Early 
graft failure (about one month after surgery) is characterized by intraluminal 
thrombi that can produce acute myocardial infarction. Late graft failure (venous 
graft disease), with a recurrence of angina, can be morphometrically detected on 
the angiography as a thickening of the venous wall due to hypertrophy of the 
tunica media [82]. 
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In diabetics and patients with symptomatic peripheral arterial disease, use of the 
saphenous vein should be avoided due to the high risk of painful and delayed 
wound healing. Wound healing disturbances are also common in obese patients, 
females, smokers and patients with low preoperative hematocrit levels [83]. 


Although not common, rhabdomyolysis after a coronary artery bypass graft has 
been reported as a cause of acute renal failure [84]. 


Another infrequent postoperative complication is radial nerve injury caused by 
external compression. It can induce reversible left forearm muscle weakness and 
flexion of the fingers of the left hand [85]. Post-coronary artery bypass drafting 
chylothorax has also been reported [86]. 





Fig. (4-9). Posteroseptal acute myocardial infarction with ventricular wall rupture in a 70-year-old female 
who underwent an aortic valve replacement and triple aortocoronary bypass. 


D. Myocardial Reperfusion Injury 


Reperfusion injury is a worldwide public health issue with increasing incidence. It 
can occur after major open heart operations (Fig. 4-11) or after PCI performed for 
thrombolysis or stent implantation in patients with obstructive coronary sclerosis 
or acute myocardial infarction [17, 87]. 


The reperfusion of ischemic myocardium should be performed in the first two to 
four hours after blood supply deprivation. After this period, necrosis of myocytes 
and the absence of oxygen induces transformation of xanthine dehydrogenase into 
xanthine oxidase (oxidative stress). Then, blood supply return will cause the 
xanthine oxidase-mediated release of superoxides from the damaged myocytes 
and subsequent expansion of the necrotic area [88]. Local and systemic 
inflammatory processes are also activated [87]. 
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Fig. (4-10). Posteroseptal and lateral acute myocardial infarction (top) and intestinal infarction (bottom) in a 
67-year-old male who died two days after a mitral valve replacement and aortocoronary bypass. 





Fig. (4-11). Left ventricle apical subendocardial reperfusion lesions in a 65-year-old obese female who 
underwent a double aortocoronary bypass. 
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It is important to note that, during reperfusion, a transient arrhythmia emerges as a 
result of successful restoration of blood flow. It is induced by the blood inflow- 
related decrease of the extracellular K*, due to the enhanced activity of the Na” K* 
pump, in turn caused by the intracellular accumulation of Na“ and depletion of K* 
during the necrotic process. High extracellular levels of K* are associated with 
intracellular Ca** overload. The result is delayed after depolarization and 
subsequent transient arrhythmia, which involves premature ventricular 
contraction, ventricular fibrillation, accelerated idioventricular rhythm, 
nonsustained ventricular tachycardia and/or bradycardia [89]. 


Allopurinol is a xanthine oxidase inhibitor thought to reduce the expansion of a 
necrotic area and the period of transient arrhythmia, both signs of successful 
reperfusion [89]. New treatments, such as mesenchymal stromal cell therapy, 
thought to have immunomodulatory, anti-inflammatory and tissue reparative 
properties, are under review, but no specific therapy for reperfusion lesions has 
been validated to date [87]. 


E. Pacemaker Implantation 


Pacemaker-related complications are rare and comprise infections, ventricular 
rupture, endocardium breakage and thrombosis. Malpositioned transvenous 
permanent pacemakers leading into the left ventricle have also been reported [90]. 
This is caused by a dilated heart or a patent foramen ovale, but perforation of the 
septum by the lead is also possible [90]. Although rare, lead misplacement into 
the left ventricle can be complicated by atrial fibrillation, thrombosis, 
thromboembolism (37%), perforation of the mitral valve, mitral insufficiency, 
aortic valve endocarditis, diaphragmatic pacing and loss of capture [90, 91]. 
Implantation of the ventricular lead into the distal coronary sinus or other cardiac 
veins can also be unexpected accidents [92]. 


F. Surgical Correction of Atrioventricular Septal Defects 


Septal defects closure is primarily performed with Dacron material, using a 
single- or two-patch method [93]. In patients with isolated muscular ventricular 
septal defects, percutaneous closure can be performed, but surgery is still used for 
perimembranous defects [94]. Although the survival period is quite long (1 year — 
80%; 10 years — 78%; 20 years — 65%), the seven-day and one-month mortality 
rates are approximately 11% and 15%, respectively [95]. 


The most common postoperative complications are infections (8-21%), 
pulmonary hypertensive crises (6-10%), moderate or severe valvular 
regurgitation, valvular stenosis (the mitral valve is most affected), thrombosis, 
embolism, patch dehiscence, residual shunt, pericardial/pleural effusions, 
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arrhythmias (atrioventricular dissociation, bradyarrhythmia, atrioventricular 
block), renal failure and respiratory failure [93 - 95]. The major complications are 
early death, necessity of reoperation or permanent pacemaker implantation, and, 
in infants, incidental suture of other structures, such as the pulmonary artery, with 
subsequent pulmonary infarction [94]. The risk of postoperative complications, 
especially those that involve the mitral valve, is greater in infants with Down’s 
syndrome [93]. 


OTHER CARDIOVASCULAR THERAPEUTIC PROCEDURES 


e Intravenous Injections/Perfusions The most common complications are 
thrombosis, thrombophlebitis, hemorrhages and aneurysms, especially after 
intravenous administration of cytotoxic drugs. Infection of the catheter can lead 
to septic endocarditis (Fig. 4-12). Accidental perivenous injection of some 
drugs, such as thiopental or potassium chloride, can produce tissue necrosis. 
Intravenous injection of propofol is associated with acute pain that can be 
avoided by pre-administered ketamine. Antirabic vaccination can induce 
myocarditis. Acute pulmonary edema can be a consequence of a high level of 
intravenously injected fluids [88]. 





Fig. (4-12). Infective endocarditis in a diabetic patient with sub acute septicemia. The patient died of septic 
shock. 


¢ Intravenous Injection of Contrast Materials The most common complications 


are perivenous artifacts and retrograde flow of contrast material. It has been 
observed that injection of contrast material into the antecubital vein of the right 
arm may provide better image quality in head and neck CT scans, as compared 
to injection into the left arm [88, 96]. 

e Central Vein Puncture The rate of periprocedural complications is about 15%. 
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Central venous catheterization is associated with risk of hematoma, necrosis of 
the surrounding tissues, arterial puncture, sepsis and embolism (air, gas or a 
malpositioned catheter). During puncture, other surrounding structures, such as 
the carotid artery, vagus nerve, phrenic nerve or cervical plexus, can be 
damaged, inducing Claude Bernard-Horner syndrome. Pneumothorax, 
hemothorax and chylothorax can be consequence of technical errors or occur 
following subclavian vein puncture [97]. 

e External Cardiac Massage The most common cardiovascular lesions that occur 

after cardiopulmonary resuscitation are vascular or myocardial rupture by 
fractured ribs (Fig. 4-13) [98]. Following PCI, stent distortion, compression or 
displacement and additional vascular injuries can emerge [99]. 
After major cardiac interventions, the rate of postoperative cardiac arrest is 0.7- 
2.9%. According to the European Resuscitation Council (ERC), defibrillation or 
pacing is recommended in these patients before external cardiac compression is 
attempted [100]. 





Fig. (4-13). Subepicardial hematoma following external cardiopulmonary resuscitation with ribs fractures 
(left) in a patient with double stent implantation, performed for acute extended anteroseptal myocardial 
infarction (right). The patient died as a result of cardiogenic shock. 
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CHAPTER 5 
Iatrogenic Pathology of the Lungs and Airways 


Ioan Jung and Simona Gurzu’ 
Department of Pathology, University of Medicine and Pharmacy, Tirgu-Mures, Romania 


Abstract: This chapter includes a synthesis of data regarding the lesions of the lungs 
and airways that can be induced by medical drugs or diagnostic and/or therapeutic 
interventions. Drug-induced lesions are difficult to identify and mainly relate to 
laryngeal or pulmonary edema, hypersensitivity pneumonitis and diffuse alveolar 
damage with hyaline membranes. In patients taking anticoagulants, the occurrence of 
spontaneous hemothorax or aberrant thromboembolism should also be taken into 
account. Diagnostic procedures that involve the airways are sometimes, though rarely, 
followed by complications that include post intubation croup, ulcerations or 
granulomas, but infrequent iatrogenic tracheal rupture and injuries to cranial nerves are 
also reported. Mechanical ventilation and hyperbaric oxygen therapy can be followed 
by pulmonary edema, interstitial emphysema or pneumothorax. In preterm babies, 
Wilson-Mikity syndrome and intraventricular brain hemorrhage can occur following 
oxygen therapy. All of these data are examined in detail in this chapter. 


Keywords: Adverse drug reaction, Airways, Anaphylaxis, Aspiration, Croup, 
edema, Embolism, Hemothorax, Hyaline membranes, Hyperpigmentation, Intra- 
alveolar hemorrhage, Lung, Pneumonia, Pneumothorax, Respiratory distress 
syndrome, Wilson-Mikity syndrome. 


DRUG-INDUCED LESIONS 


The ADRs of the lungs and airways are caused by enzymatic deficiencies and can 
be induced through three basic mechanisms [1]: 


e Immune hypersensitivity reactions — can cause anaphylaxis, bronchial asthma 
and eosinophilic pneumonia, and can be cured with steroids. 

e Direct toxicity — drugs that are metabolized in the lungs can induce 
alveolocapillary damage. These dose-dependent injuries cannot be resolved 
using steroids. 

e Idiosyncrasy — individual susceptibility that is not dose-dependent. This can start 
as a noncardiogenic pulmonary edema that can be handled with steroids. 
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Up until the 1960s, about 20 drugs were reported to affect the lungs and bronchi 
[2]. Nowadays, it is known that more than 400 drugs can cause pulmonary 
disorders and 3-5% of all drugs present pulmonary toxicity [3]. Moreover, 0.03% 
of all in-hospital deaths seem to be caused by drug-induced pulmonary lesions [2]. 


The most common ADRs of the lungs and airways (Table 5-1) are allergies and 
serum disease that can be associated with acute laryngeal edema. Eighty-four 
drugs are known to induce anaphylaxis, leading to anaphylactic shock (76.6%), 
severe systemic reactions (10.5%), acute laryngeal edema (9%), severe 
bronchospasm (2.1%) and death (1.8%) [4]. 


Acute pulmonary edema can be a consequence of inhalation of pure oxygen, 
administration of nitrofurantoin or intravenous perfusions with a high volume of 
liquid. It is worth mentioning that concomitant administration of steroids causes 
salt and water retention [5]. 


The antiarrhythmic amiodarone is considered the most common drug to induce 
dose-dependent direct toxicity in the lungs (Table 5-1). Approximately 5-6% of 
patients treated with amiodarone present lung disorders, from mild pneumonia to 
severe lesions, such as intra-alveolar hemorrhages and diffuse alveolar damage 
with hyaline membranes [1, 3, 7]. 


Other drugs known to induce pulmonary disorders are antibacterial agents, such 
as nitrofurantoin, and immunosuppressive drugs, such as sirolimus, etc. (Table 5- 
1) [2, 8]. 


Drug-induced pulmonary injuries are more frequently found in patients of 
extreme ages, due to low renal filtration [7]. Some drugs, such as nitrofurantoin, 
especially affect women, though the cause is yet unknown [3]. 


Genetic factors influence the reactions of the body. In patients treated with 
gefitinib, an anti-EGFR agent that is used in patients with non-small cell lung 
cancer, interstitial pneumonia is a rare side effect in Europe but quite common in 
Japan. Similar divergence is reported for bortezomib (used in multiple myeloma 
and lymphomas) and tacrolimus (an immunosuppressive drug used in bone 
transplant recipients) — their pulmonary toxicity being more common in Japanese 
and African-American populations. At the same time, methotrexate-related 
pulmonary toxicity is more common in patients testing positive for HLA-B40 [3]. 


Because idiosyncratic reactions are more common than we know, drug-induced 
lung injury is usually a diagnosis of exclusion. To confirm one’s suspicion, 
nonspecific clinical symptoms (dry cough, subfebrility, dyspnea, wheezing, 
hypoxemia, chest pain, fatigue, allergic reactions, rash, arthralgia, etc.) should be 
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correlated with the presence of alveolar/interstitial/mixed inflammatory foci with 
asymmetrical distribution, subpleural masses, pleural thickening and effusion, 
altered lung function (decrease of carbon monoxide diffusing capacity), 
hematological disturbances (increased CD8+ lymphocytes, neutrophils and 
eosinophils) and occurrence of foamy macrophages and eosinophils in the 
bronchoalveolar lavage fluid [2]. The diagnosis of drug hypersensitivity is based 
on skin tests (72.9% of cases) correlated with laboratory examinations [4]. 


Table 5-1. ADRs of the lungs and airways according to specific drugs. Data from references [1 - 20]. 


ADR type 


Cough, hiccup, laryngospasm, Thiopental, inhalational anesthetics (desflurane), NSAIDs, beta 
bronchospasm blockers, mitomycin C (antitumor antibiotic) 


Anaphylaxis Antibiotics (penicillin, cephalosporin, quinolone, efc.), muscle 
relaxants, latex, anesthetic NSAIDs, acetaminophen, iodinated or MRI 
contrast media, immunotherapy, vaccines 


Airway infections Topiramate (anticonvulsant) 
Bronchiolitis obliterans Cyclophosphamide, methotrexate, penicillin 


Hyperpigmentation of bronchial Busulfan 
mucosa 


Iatrogenic bronchial asthma Aspirin, NSAIDs (indomethacin) 


Alveolar hypoventilation Narcotics, aminoglycosides, corticosteroids 


Acute pulmonary edema Oral corticosteroids and perfusions, amiodarone, nitrofurantoin, 
narcotics, tocolytics, depolarizing myorelaxants (succinylcholine) used 
in newborns and infants, biological monoclonal antibodies 


Intra-alveolar hemorrhage Aspirin, anticoagulants, amiodarone, sirolimus (rapamycin) 


Eosinophilic (Léffler’s) pneumonia | Cytotoxic drugs (bleomycin), antibiotics (penicillin), sulfonamides, 
nitrofurantoin, methotrexate, phenytoin (anticonvulsant), para- 
aminosalicylic acid (mesalazine) 


Acute fibrinous pneumonia Amiodarone, aciclovir, decitabine, proton pump inhibitors (PPIs) 


Interstitial pneumonia/ Cytotoxic drugs (busulfan, bleomycin, methotrexate, procarbazine, 

lung fibrosis cyclophosphamide, chlorambucil, azathioprine), nitrofurantoin, 
amiodarone, carbamazepine, gleevec, mesalazine, bleomycin, 
pingyangmycin (bleomycin derivative with sclerosant effect), nitrogen 
mustard (alkylating drug) 


Lipoid pneumonia Amiodarone or chronic aspiration of nasal drops 


Perivascular and peribronchial LSD (lysergic acid diethylamide) — analogs (dose-dependent ADR) 
fibrosis 


Secondary tuberculosis Corticosteroids, cytotoxic drugs 





90 Textbook of Iatrogenic Pathology Jung and Gurzu 


(Table ) contd... 
ee Des ooo 


Vasculitis Sulfonamides, aspirin, phenylbutazone, penicillin, cytotoxic drugs, 
serum sickness 


Procainamide, hydralazine, isoniazid 


Spontaneous Hemothorax is an uncommon complication that can occur in 
patients undergoing anticoagulant therapy. In one of our cases, a 61-year-old 
woman who had undergone mitral valve replacement was prescribed 
anticoagulant therapy and discharged. At home, without medical prescription, 
NSAIDs were taken. Two weeks later, she was hospitalized with severe 
bradycardia, cough and thoracic pain, and pulmonary X-rays showed bilateral 
opacity. A blood volume of 3500 ml was drained from the left hemothorax, but 
the patient died of hemorrhagic shock on the first day following hospitalization. 
At necropsy, 600 ml of blood was observed in the right hemothorax and 300 ml in 
the left. 





Drug-Induced Acute Respiratory Distress Syndrome (ARDS) has been reported 
in patients treated with amiodarone, but also with 5-FU-based regimens (Fig. 5-1). 
Discontinuation of the drug, application of corticosteroids and supportive measure 
care is necessary, but a mortality rate of 50% remains in amiodarone users [7, 9]. 





Fig. (5-1). Chemotherapy-associated ARDS with hyaline membranes. This patient received capecitabine and 
oxaliplatin and presented multiorgan failure syndrome. 
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In patients with cerebral arteriovenous malformations, ARDS has been reported as 
a systemic pulmonary complication after endovascular embolization with Onyx- 
18. The direct toxicity of the copolymer solvent DMSO [(CH,),SO], which is 
partially metabolized in the lung, has been supposed [10]. 


IATROGENIC PNEUMONIAS 


Pneumonias can be induced by drugs, radiation, oxygen therapy, surgical 
interventions and other medical procedures that affect the patient’s immune 
system. 


o Interstitial Pneumonia 


The pathomechanism of ADRs-related pneumonia comprises drug-induced 
proliferation of type-II alveolocytes and fibroblasts. It has recently been 
observed in patients with ulcerative colitis or Crohn’s disease that have been 
treated with 4-aminosalicylic acid (mesalazine) [11]. Several other drugs (Table 
5-1), radiation and oxygen therapy can also be responsible for the onset of 
interstitial pneumonia. 


e Acute Fibrinous and Organizing Pneumonia 


This is a rare but relatively specific iatrogenic lesion, first reported by Basely et 
al. in 2002 [12]. It is characterized by drug-induced proliferation of type II 
alveolocytes intermingled with fibrin deposits. Amiodarone, proton pump 
inhibitors (PPIs) and other drugs (Table 5-1) were found to be its promoters. 
Microscopically, it is characterized by hyaline membranes and the presence of 
eosinophils and other inflammatory cells in alveolar septa. Bilateral patchy 
infiltrate/consolidation can be seen on chest radiography. This can be an acute 
process, with a high rate of mortality in the first month after onset of symptoms, 
but sub acute forms that respond to steroids have also been reported [13]. 


¢ Lipoid Pneumonia 


This is known as the “amiodarone effect” or “cholesterol pneumonia” and can 
be induced by amiodarone or long-term inhalation of nasal drops with mineral 
oils [5, 7]. 


In a representative case published in 1949 by Rossier and Bihlmann, bilateral 
lipoid pneumonia was reported in a patient with daily nasal inhalation of 
paraffin-based oil for 20 years. The total volume of nasal drops was estimated to 
be 64 liters 14]. 
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Lipoid pneumonia is characterized by the formation of intraparenchymatous foci 
of lipid-laden macrophages admixed with other inflammatory cells and 
multinucleated giant cells. These foci can generate foreign body granulomas 
with scarring [5]. The radiological features are non-specific. CT scans can reveal 
alveolar consolidations of low attenuation values, ground-glass opacities with 
thickening of intralobular septa (crazy paving pattern) and alveolar nodules [15]. 


Loffler’s Eosinophilic Pneumonia 


This type of pneumonia can be induced by any drugs including antibiotics or 
organic compounds, such as mesalazine or sulfasalazine (Table 5-1). In early 
stages, increased serum level of eosinophils and two microscopic patterns can be 
seen (type I and II), while lung fibrosis occurs in late stages [2, 5, 16]: 

o Type I: bronchopneumonia-like features with intra-alveolar inflammatory 
exudate rich in eosinophils. 

o Type II: intraparenchymatous granulomas centered by fibrinoid necrosis, 
which is surrounded by fibroblasts, macrophages, epithelioid cells and 
eosinophils. Sulfasalazine can induce formation of  sarcoidosis-like 
granulomas. 


Immunodeficiency-Associated Pneumonia 


This type of pneumonia is a nosocomial infection and can occur in 
immunosuppressed patients. The proton pump inhibitors (PPIs) are causal 
factors, even in short-term users [17, 18]. The most common pathogens are 
Pneumocystis carinii, Klebsiella pneumoniae, fungi (Candida albicans, 
Aspergillus flavus, Histoplasma capsulatum) and viruses (e.g.,cytomegalovirus) 
[5]. 

Pulmonary aspergillosis is microscopically characterized by the presence of 
branching septate hyphae or a fungus granuloma called aspergilloma (Fig. 5-2). 


Hemorrhagic pneumonia, usually produced by Staphylococcus, is very rare and 
primarily affects infants (Fig. 5-3) or older adults. It also occurs in HIV-infected 
patients, although a decreased rate of opportunistic infection has been observed in 
the antiretroviral therapy era [19]. 


Klebsiella-related pneumonia primarily affects the upper lobes and should be 
considered for differential diagnosis of upper lung opacities. In one of our cases, 
such pneumonia was diagnosed at the autopsy of a 60-year-old 
immunosuppressed alcoholic male. It was originally confused with delirium 
tremens, but on the basis of progressive respiratory failure and ground-glass 
opacity of the right superior pulmonary lobe, revealed in the pulmonary X-rays, a 
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lung tumor was then suspected. The patient died within a few days of admission 
and Klebsiella-related pneumonia was observed at autopsy (Fig. 5-4). 





Fig. (5-2). Aspergillus with dichotomous branching 
immunosuppressed patients with pneumonia. 





Fig. (5-3). Hemorrhagic pneumonia in immunosuppressed infants. A. Bilateral pneumonia. B. Pneumonia of 
the right lung induced by Staphylococcus aureus. C. Microscopic examination shows rich intra-alveolar 
hemorrhagic infiltrate. 


IMMUNODEFICIENCY-ASSOCIATED TUBERCULOSIS 


In immunosuppressed patients, airborne infection with mycobacterium 
tuberculosis but also reactivated tuberculosis should be considered. Dual infection 
with mycobacterium tuberculosis and other bacteria, such as Streptococcus 
pneumoniae, is also possible [20]. 
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Fig. (5-4). In an immunosuppressed patient, lobar Klebsiella-related pneumonia shows opacity of the upper 
right lung (A). Involvement of the upper lobe (b) and abscesses (c) were observed at autopsy. 


In one of our cases, a 28-year-old male, hospitalized with fever, a high 
erythrocytes sedimentation rate (ESR) and several adenopathies (laterocervical, 
supraclavicular and mediastinal), we suspected Hodgkin’s lymphoma. The lymph 
node bioptic specimen did not confirm this suspicion, however. The 
histopathological diagnosis was “reactive histiocytosis” only. Corticosteroids 
were prescribed without any improvements. Some weeks later, the chest CT scan 
revealed mediastinal and paratracheal adenopathies and multiple bilateral nodules 
in the lung parenchyma. The second lymph node biopsy revealed tuberculous 
lymphadenitis. This representative case highlights the necessity of a correct 
differential diagnosis, and reveals that drug-induced immunodeficiency can cause 
the occurrence of miliary tuberculosis [5]. 


IATROGENIC PULMONARY EMBOLISM 


Iatrogenic pulmonary embolism is a complication rarely encountered in daily 
diagnosis, yet, at the same time, this embolism is one of the three most commonly 
undiagnosed illnesses identified at autopsy [21]. The most commonly embolized 
substances are thrombi, fat and bone marrow. Patients can present non-specific 
symptoms, and more than 10% of them are asymptomatic [21]. Pulmonary 
embolism can be related to diagnostic or therapeutic procedures, and can be 
caused by chemotherapeutics and steroids. 


e Thromboembolism is the most common type of in-hospital embolism and 
should be suspected in any patient with a previous history of thromboembolism 
and in those with deep vein thrombosis. The risk is higher in elderly and obese 
patients, and is caused by immobilization, spinal cord injury, mechanical 
ventilation and drug-induced sedation [21]. Thromboembolism can also occur 
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soon after surgery, especially that of the head, neck and perineal areas [21, 22]. 
Sometimes, it can be successfully treated using anticoagulants [23]. 
Thromboprophylaxis is recommended in intensive care units (ICUs) [21]. 
The risk of catheter-related thrombosis is associated with the duration of 
catheterization and the catheter localization. The reported incidence is 10-69% 
from femoral veins, 40-56% from internal jugular veins and 2-10% from 
subclavian veins [21]. Drug-related pulmonary thromboembolism is especially 
commonly reported in oncology departments. Chemotherapeutics are causal 
factors. Fatal pulmonary thromboembolism can occur in patients with metastatic 
carcinomas (Figs. 5-5 and 5-6). 





Fig (5-5). Spontaneous fatal pulmonary thromboembolism (A) in a patient with a history of gastrectomy and 
chemotherapy performed on a gastric carcinoma with lung (B) and liver metastases (C). 


e Fat embolism can be induced by intravenous administration of an oily solution 
[24]. Prolonged steroid therapy and/or total parenteral nutrition can cause non- 
traumatic fat embolism [25]. Fat embolism has also been reported as a 
complication of joint reconstruction surgery [24]. Fat embolism can induce 
ARDS [26], but bilateral fat pulmonary embolism with hemorrhagic infarction 
has also been reported [24]. The recent development of aesthetic surgery 
techniques has led to a changing spectrum of fat embolism. Nowadays, an 
increasing number of cases involve fat embolism following intramuscular 
gluteal lipoinjection, and injuries of the gluteal blood vessels are more common. 
The incidence is not yet known [27]. 

e Bone marrow embolism can occur during spine or intraosseous surgical 
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interventions, after bone marrow transplantation, or as a consequence of 
cardiopulmonary resuscitation-induced ribs fractures [25]. Pneumothorax, 
pulmonary dystelectasis and disseminated intravascular coagulation (DIC) can 
be associated (Fig. 5-7). 





Fig. (5-6). Fatal pulmonary thromboembolism (A) with acute dilatation of the right cardiac ventricle (B) ina 
young female with a history of hysterectomy, bilateral ovariectomy and oncotherapy performed to treat an 
ovarian carcinoma with peritoneal carcinomatosis and diaphragmatic metastases (C). 
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Fig. (5-7). Bone marrow embolism in pulmonary arteries. 


e Other Unusual Iatrogenic Causes of Pulmonary Embolism 


Septic Emboli can be mobilized in immunocompromised patients, being 
primarily associated with mycotic septicemia (e.g., septicemia involving the 
mucormycosis, Cunninghamella bertholletiae, after allogeneic stem cell 
transplantation) [28]. 


Bone Cement Embolism has been reported following multiple percutaneous 
vertebroplasties. It can be seen as nodular opacities on chest radiography. 
Typical CT scans reveal multiple tubular or branching dense opacities located 
along the pulmonary arteries, which are more easily visible in CT pulmonary 
angiography [29, 30]. 


Sodium Hyaluronate is primarily used as an intra-articular injection for pain 
relief in patients with knee synovial lesions. Its pulmonary embolization is seen 
on chest radiography as a bilateral interstitial lesion, with multiple ground-glass 
opacities [31]. 


IATROGENIC LESIONS DURING OTHER DIAGNOSTIC AND 
THERAPEUTIC PROCEDURES 


Laryngoscopy, Bronchoscopy And Intubation 


In intubated patients, direct compression can induce laryngeal edema, decubitus 
(pressure) ulcers, necrosis of the laryngeal and tracheal mucosa, rupture of the 
vocal cords, laryngospasm and bronchospasm (more common in smokers). 
Ulceronecrotic laryngitis (Fig. 5-8) primarily emerges after 48 hours of intubation 
[5]. Postintubation croup with acute stridor is more common in children [32]. 
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In patients intubated for over 90 hours, post intubation ulcerations and 
granulomas are more severe and can cause predisposition to fistulae [5, 33]. Post- 
laryngoscopy sore throat is reported in 30% of patients after the use of traditional 
intubation blade [34]. Laryngeal stenosis and progressive hoarseness can occur 
weeks or even months after intubation [5, 33]. 


Iatrogenic tracheal rupture and injuries to cranial nerves (IX, X and XII) are rare 
complications, but their real incidence is underestimated [35, 36]. Septic cricoid 
chondronecrosis and retropharyngeal abscess with subsequent mediastinitis are 
other unusual post intubation lesions [37, 38]. 





Fig. (5-8). Postintubation laryngotracheitis with decubitus ulcers (left) covered by fibrin (right). 


Although widely used to clean the laryngoscope, ortho-phthalaldehyde can 
predispose the patient to allergic reactions [39]. 


Artificial teeth, crowns or bridges can be aspirated during endotracheal intubation 
and can induce severe aspiration pneumonia and even death. These can be 
removed through bronchoscopy. In one recent paper, aspiration into the right lung 
of three bridge teeth with spontaneous coughing after six months was presented 
[40]. 


Iatrogenic Pathology of the Lungs and Airways Textbook of Iatrogenic Pathology 99 


Aspiration of saliva, nasopharyngeal secretions or gastric content during general 
anesthesia can produce atelectasis, bronchopneumonia, pulmonary abscesses, 
ARDS, pulmonary edema and Mendelson’s syndrome (the gastric content induces 
autodigestion of the pulmonary parenchyma) [5]. 


Mechanical Ventilation and Hyperbaric Oxygen Therapy 


During mechanical ventilation and hyperbaric oxygen therapy, several lesions can 
occur, such as acute pulmonary edema, ARDS, interstitial emphysema, air 
embolism, pneumothorax and bronchopneumonia. 


e Acute Pulmonary Edema 


Hyperbaric oxygen therapy can infrequently induce acute pulmonary edema, 
especially in patients with low cardiac ejection fractions. The supposed 
mechanism involves increasing peripheral vasoconstriction and cardiac afterload 
as a result of induced hyperoxia [41]. 


¢ Interstitial Emphysema and Air Embolism 


High intrapulmonary pressure induced by mechanical ventilation or external 
cardiac massage can cause acute pulmonary interstitial emphysema. Air bubbles 
can be spread through the interstitium in the mediastinal space and the 
subcutaneous tissue of the neck and thorax. This lesion type can be lethal, 
especially in children. In some cases, the air can be accumulated in the 
subpleural space and bullae can be observed (Fig. 5-9). This air can also enter 
the veins, leading to air embolism. 





Fig. (5-9). Artificial respiration-induced bilateral interstitial emphysema in a child with Duchenne muscular 
dystrophy. 
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e Pneumothorax 


In patients receiving hyperbaric oxygen therapy, tension pneumothorax is a rare 
complication caused by chronic lung diseases, mechanical ventilation and chest 
trauma [42]. 


¢ Bronchopneumonia 


This is a life-threatening disorder commonly associated with mechanical 
ventilation. The prevalent agents (74%) are Gram-negative bacteria, such as 
Escherichia coli, Pseudomonas, Klebsiella and Acinetobacter. In the remaining 
cases (~20%), Gram-positive bacteria, especially Staphylococcus aureus and 
Streptococcus beta-hemolysis, are involved [43]. 


Oxygen Therapy in Neonates and Children 


Because in many cases long-term or intermittent ventilatory support is required 
for neonatology and pediatric clinics, non-invasive ventilation through a mask 
interface is indicated for use rather than invasive ventilation [44]. To avoid 
tracheostomy and to reduce the rate of complications, a high flow nasal cannula is 
indicated for neonates [45]. 


In children receiving mechanical ventilation, the most common complications are 
acute pulmonary edema, interstitial emphysema, pneumothorax and pneumonia. 
Neurological disorders, lung fibrosis and other specific lesions can also be 
induced [5]. 


In preterm babies who require oxygen inhalation for more than 60 days, 
nosocomial infections occur in 15% of cases, with a mortality rate of 10-13% 
[45]. Other specific lesions are Wilson-Mikity syndrome, retinopathy and cerebral 
hemorrhages. 


e Wilson-Mikity Syndrome 


This is a rare form of chronic lung disease that occurs in preterm babies 
(gestational age below 30 weeks and 1000-1500 g birth weight) receiving 
oxygen therapy, without previous respiratory injuries. Intrauterine infections can 
be a causal factor. It is characterized by bilateral emphysema diagnosed in the 
first two to four weeks of life, followed by pulmonary fibrosis. The clinical 
consequences are recurrent cyanosis, dyspnea, progressive respiratory distress 
and respiratory failure that persists despite ventilatory support. The mortality 
rate is approximately 10% [5, 46]. 
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¢ Retinopathy 


Retinopathy can be a consequence of administration of pure oxygen, inducing 
hypoxia- and VEGF-mediated retinal neoangiogenesis [47]. In adults, it is an 
acute reversible lesion, but retrolental fibroplasia with/without blindness can 
occur in preterm babies [5]. There are five stages of oxygen-related retinopathy, 
with incidence ranging from 69% (stage 0) to 0.1% (stage 5 — total retinal 
detachment). Approximately 3% of affected babies require surgery [45]. 


e Intraventricular Brain Hemorrhage 


This is an infrequently reported oxygen therapy-related consequence. There are 
four grades of severity: in preterm babies hospitalized for more than 60 days, its 
incidence ranges from 75% (grade 0) to 4% (grade 4 — intraparenchymatous 
hemorrhage) [45]. 


Acute Lung Injury (ALD 


ALI is a common lesion diagnosed in the ICU that can have several causes, from 
drug overdoses to oxygen inhalation, open heart surgery to shock [48]. 


Due to surfactant destruction, the morphological lesions vary from slight to thick 
hyaline membranes and fibrosis of the alveolar septa. Progressive respiratory 
failure is associated with a high mortality rate [48 - 50]. 


Mechanical ventilation may precipitate ALI-induced respiratory failure. The exact 
mechanism is unknown. On the one hand, thick hyaline membranes also enclose 
the capillaries, and a high pressure upon the septa can produce vascular rupture. 
On the other hand, the inhaled oxygen stimulates proliferation of alveolocytes that 
supplementarily increase the septal thickening. To protect the lung, optimal 
settings and ventilation modes, it is necessary to use low tidal volume and high 
positive-end expiratory pressure (PEEP) [48]. 


Tyrosine kinase inhibitors, such as dasatinib, have shown attenuating lung 
inflammation and fibrosis in experimental ARDS, independent of etiology, but 
careful dose monitoring is required [51]. 


Other Diagnostic Procedures 


e Percutaneous Transthoracic Needle Biopsy of the Lung 


Periprocedural complications include pneumothorax (8-64%), vascular lesions 
(hemoptysis, hemothorax, mediastinal and chest wall hemorrhages, 
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intraparenchymatous hemorrhages, arterial bronchial fistulae), air embolisms (a 
life-threatening complication that occurs in 0.02-0.07% of cases) and malignant 
seeding of the needle tract with pulmonary or chest wall metastasis [52 - 55]. 


¢ Barium Swallow For Examination of the Upper GI Tract 


Barium swallow can be followed by barium aspiration during the rapid drinking 
phase. If the cough reflex does not occur, barium can be aspirated into the 
trachea, bronchia and lungs. Barium-induced pneumonia can be treated with 
fibrosis, but is a fatal complication otherwise [56]. 


Other Therapeutic Procedures 


e Surgical Interventions of the Head and Neck Area 


Thyroid Surgery— voice alteration (dysphonia) is the result of incidental 
intraoperative injury of the recurrent laryngeal nerve (a branch of cranial nerve 
X) and subsequent paralysis of the vocal cords. The incidence is about 46% 
following total thyroidectomy and 14% after partial resection of the thyroid 
gland. Spontaneous rehabilitation is seen in 84-92% of patients within six 
months of surgery. To preserve the anatomical structure and functional integrity 
of the nerve, use of intraoperative neuromonitoring is suggested [57, 58]. Details 
regarding thyroid surgery are presented in Chapter 17. 


Transcutaneous Injection Laryngoplasty— this technique is frequently used in 
patients with unilateral vocal cord paralysis, without significant complications 


[59]. 


Rhinoplasty- although uncommon, unilateral recurrent laryngeal and 
hypoglossal (XII) nerve paralysis following rhinoplasty is sometimes reported. 
This is known as Tapia’s syndrome and is characterized by unilateral vocal cord 
and tongue paralysis within 24-48 hours of surgery. The mechanism probably 
involves direct compression of the lateral wall of the inferior part of the 
oropharynx or the superior part of hypopharynx, where the two nerves lie 
adjacent to one another, during packing of pharynx [36, 60]. Details regarding 
rhinoplasty are presented in Chapter 21. 


Cervical Spine Surgery — this surgery can be followed by late dysphonia, which 
occurs in 10% of patients within six weeks to three months of surgery [61, 62]. 
This lesion is considered a result of incidental recurrent nerve injury, but 
pharyngeal and laryngeal trauma, hematoma, edema, injury of the superior 
laryngeal nerve and arytenoid cartilage dislocation (frequently misdiagnosed as 
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vocal fold paresis) can be involved in the etiology of postoperative prolonged 
hoarseness [62]. This is usually a reversible disorder [61]. 

Tapia’s syndrome was recently reported in a 17-year-old male patient with 
idiopathic scoliosis, following guidewire-assisted pedicle screw insertion and 
arthrodesis at the level of T1-L1, which induced neuropraxia of the recurrent 
laryngeal nerve and right-side cranial nerve X injury. In this patient, right vocal 
fold immobility, decreased sensation of the endolarynx and left-side tongue 
deviation postoperatively emerged [63]. 


e Surgery of Lungs 


Pulmonary artery pseudoaneurysm is a rare but possible lethal complication of 
pulmonary lobectomy [64]. 


Percutaneous Radio Frequency Lung Tumor Ablation can induce air 
embolism, probably as a result of a bronchovenous fistulae. It is caused by 


chronic obstructive pulmonary disease and mechanical ventilation. Pleural 
adhesions prevent pneumothorax and lung collapse, and cause the air embolism 
[55]. Details regarding lung surgery are presented in Chapter 17. 
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CHAPTER 6 


Iatrogenic Pathology of Gastrointestinal Tract 


Simona Gurzu’, Tivadar Bara and Ioan Jung 
Department of Pathology, University of Medicine and Pharmacy, Tirgu-Mures, Romania 


Abstract: This chapter includes a synthesis of data regarding iatrogenic injuries of the 
gastrointestinal tract. In the first section, medical drug-induced lesions are analyzed, 
while the following sections refer to the diagnostic and/or therapeutic interventions that 
involve the gastrointestinal segments. ADRs come in a wide spectrum of 
manifestations, from mucosal inflammation to severe lesions, such as Stevens-Johnson 
syndrome. The most common agents involved in severe reactions are non-steroidal 
anti-inflammatory drugs (NSAIDs). Proton pump inhibitors (PPIs) are responsible for 
the occurrence of cystic polyposis of the stomach. Intestinal iatrogenic disorders 
primarily involve enterocolitis, but strange complications, such as bezoar formation or 
intestinal rupture, are also reported. Complications relating to endoscopic 
examinations, laparotomy and laparoscopy are also presented in detail. 


Keywords: Adverse drug reaction, Aspiration, Bezoar, Cystic polyposis, 
Endoscopy, Enterocolitis, Gingival hyperplasia, Hemorrhage, Laparoscopy, 
Laparotomy, Malabsorption, Polyp, Proton pump inhibitors, Stevens-Johnson 
syndrome, Teeth discoloration. 


DRUG-INDUCED LESIONS 


ADRs of the GI tract (Table 6-1) can be induced via the following mechanisms: 
dose-dependent direct toxicity (e.g., PPIs), immune hypersensitivity reactions, 
idiosyncrasy and mixed mechanisms (e.g., NSAIDs) [1]. 


Lesions of the Oral Cavity, Pharynx And Esophagus 


¢ Mucosal Inflammation 


Antibiotics, conventional chemotherapeutics, immunosuppressive drugs and 
targeted cancer therapeutics (e.g, mTOR and tyrosine kinase inhibitors, 
antiangiogenic drugs) can cause stomatitis, pharyngitis, esophagitis and angina. 
These types of mucositis can be ulcerative, mycotic (e.g., candidiasis) or 
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gangrenous [1 - 3]. 


¢ Other Lesions of the Oral Mucosa 


These are presented in detail in Table 6-1. For example, gingival hyperplasia 
can be induced by anticonvulsants or contraceptives. In psychiatric patients 
receiving antipsychotics, Stevens-Johnson syndrome has been reported; skin 
lesions (described in Chapter 13) are associated with edema and ulcers of the 
oral and ocular mucosa [4]. 

Tetracyclines can produce discoloration of the teeth and can also, during the 
childhood period, induce hyperplasia or deformities of the teeth enamel. 
Although iron supplementation confers protection against enamel 
demineralization, it can also induce black teeth discoloration in children, 
especially in hypomineralized and decalcified areas. Because staining intensity 
is directly correlated with the supplements’ contact with teeth, and the duration 
of that contact, simultaneous consumption with liquids or dripping directly to 
the posterior parts of the mouth is suggested [1, 5]. 


¢ Other Lesions of the Esophagus 


Doxycycline may induce hemolysis and epithelial injury with subsequent 
esophageal erosion. Polymedication can result in dysphagia. Chemotherapeutics 
can produce taste disorders (dysgeusia/ageusia) and esophageal strictures [3, 6 - 
9]. 


Table 6-1. ADRs of the salivary glands, oral cavity and esophagus. Data from references [1 - 9]. 


ADR type 
Acute sialorrhea/hypersalivation Ketamine (intravenous anesthetic drug) 


Hyposalivation/xerostomia Antihistaminic drugs, atropine, belladonna neuroleptics 
(promethazine) 


Dysphagia, dysgeusia Chemotherapeutics (vismodegib) 


Increased appetite Corticosteroids 


Yellow, brown or black teeth (teeth Tetracyclines, iron supplements, augmentin (amoxicillin with 
discoloration) clavulanate) 


Erythema multiforme of the mouth Aspirin, barbiturates, bromide, hydantoin, iodine, antibiotics 
(penicillin, streptomycin), sulfonamides, thiouracil 


Mouth ulcerations Antipsychotics (carbamazepine, phenytoin, clozapine), mTOR 
inhibitors, chemotherapeutics 
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(Table __) contd... 


Gingival hyperplasia Antiepileptic drugs (hydantoin), contraceptive pills, 
cyclosporine, atropine, belladonna 

Esophageal erosions Antibiotics (e.g., doxycycline), NSAIDs, potassium chloride, 
chemotherapeutics (e.g., carboplatin and paclitaxel) 


Necrotizing inflammations Cytotoxic drugs (e.g., cyclophosphamide), 
immunosuppressives 

Esophageal strictures Chemotherapeutics (vinblastine, doxorubicin, 5-FU, 
rituximab, methotrexate, etc.) 


Mucosal hyperpigmentation Cyclophosphamide, doxorubicin, busulfan, augmentin 


Gastric Disorders 





e Acute/Chronic Gastritis with Associated Erosions or Peptic Ulcers 


Gastric mucosal lesions (Table 6-2) can be induced by several drugs, including 
antibiotics, sulfonamides, corticosteroids, chemotherapeutics, rauwolfia-based 
drugs, etc. [10, 11]. Ulcerations are present in about 20% of long-term users of 
NSAIDs [12]. Aspirin is the cause of 50% of gastric erosion. The 
pathomechanism involves direct injuries to the gastric mucosa-defending 
barriers. This is followed by increasing ion permeability and back diffusion of 
hydrogen ions across the gastric mucosa, with further mastocyte degranulation 
and histamine release. This, in turn, leads to chloride acid hypersecretion and 
subsequent mucosal erosions, superficial necroses and bleeding [13]. Acute 
gastritis is common in patients hospitalized in ICUs (Fig. 6-1). 





Fig. (6-1). Acute gastritis with erosions. 
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e Dyspepsia and Chronic Peptic Ulcer Complications 


The side effects of NSAIDs include a large spectrum of lesions, from 
asymptomatic gastric mucosa lesions and submucosal hemorrhages to dyspepsia 
and ulcer complications, such as perforation and bleeding [10, 11]. Simultaneous 
intake of NSAIDs, anticoagulants and corticosteroids increases the risk of upper 
GI bleeding [14]. 


Fundic Gland Polyps (Cystic Polyposis of the Stomach) 


In patients taking PPIs for at least 12 months, the occurrence of gastric fundic 
polyps is reported in 23.1% of cases, with this proportion further increasing in 
elderly patients [15]. In drug-associated polyposis, the number of polyps 
gradually increases, and a feature that can help to distinguish them is hereditary 
gastric proximal polyposis of the stomach (GAPPS syndrome). This is an 
autosomal syndrome produced by mutations of the familial adenomatous 
polyposis (FAP) gene and is characterized by several polyps of the proximal 
stomach, without related intestinal or colorectal polyps [16]. 


Disorders of the Small Intestine and Colorectal Segments 


¢ Pseudomembranous/Hemorrhagic Enterocolitis 


This condition is commonly induced by the use of oral antibiotics (Table 6-2). 
The lesion is also common in medical oncology units and can be fatal in elderly 
and immunosuppressed patients (Fig. 6-2). The pathomechanism involves the 
destruction of the normal bacterial flora of the intestine, causing the overgrowth 
of pro-inflammatory bacteria (e.g., Clostridium difficile, Staphylococcus aureus, 
Proteus, Enterococcus). The clinical symptoms are abdominal pain and diarrhea 
(as this condition can be of the hemorrhagic type). Concomitant administration 
of probiotics, prebiotics and high volumes of liquids (to prevent long-term 
contact with mucosa) are mandatory for the prevention of this complication [1, 
17]. Immunosuppressive drug-related enterocolitis predominantly affects the 
ileum and proximal colon [1]. Clostridium-related enterocolitis can also be 
caused by PPIs in a dose-dependent manner [17 - 19]. In surgery departments, 
an increasing number of cases involving Clostridium infections is the result of 
extensive use of broad-spectrum antibiotics. This is a pseudomembranous or 
hemorrhagic inflammation with a high risk of intestinal perforation and death 
(Fig. 6-3). 
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e Non-Specific Enterocolitis with Intestinal Ulcerations 


Intestinal ulcers, sometimes large, can be induced by NSAIDs, but also by the 
long-term use of steroids or contraceptives (e.g., norgestrel, ethinylestradiol). 
Immunosuppressive drugs can cause cytomegalovirus (CMV)-related colitis [1]. 
Conventional chemotherapeutics, such as capecitabine, can also induce chronic 
enterocolitis (Fig. 6-4) [20]. 





Fig. (6-2). Antibiotic-induced pseudomembranous colitis. 


In one of our cases, a 63-year-old female who had undergone hip prosthesis six 
months previously, presented with acute abdominal ulceration and emergency 
laparotomy was necessary. Intraoperative examination revealed several 
perforations of the colorectal segments with associated peritonitis, and a total 
colectomy was performed. Macroscopic examination also revealed diffuse 
mucosal atrophy from the cecum to the rectum (Fig. 6-5). Under the microscope, 
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mucosal atrophy with several fistulae was observed. The patient died one week 
after surgery due to septicemia. Upon examining the patient’s medical history, we 
found that she had been taking more than 20 drugs in the previous two months, 
including analgesics, NSAIDs, antihypertensive drugs (five types), oral 
antidiabetics, sedatives, PPIs, liver protectors and vitamin supplements, such as 
milgamma (vitamins B1 and B6). 





Fig. (6-4). Capecitabine-related non-specific colitis with submucosal fibrosis. 
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Fig. (6-5). Drug-related ulcers and perforations of the colon (top) and atrophy of the mucosa with 
inflammatory polyps (bottom). 


e Anaphylaxis-Related Intestinal Lesions 


Shirai et al., (2006) report a number of cases of intestinal ulcerations that 
occurred in patients with anaphylaxis. Drugs such as diclofenac, acetaminophen 
and pranoprofen can be involved in such cases [21]. 


e Intestinal Hemorrhages 


These hemorrhages can be related to anticoagulant therapy, but other substances, 
such as NSAIDs and sodium fluoride, can also induce intramural hemorrhages 
[22]. Moreover, PPIs and histamine-H2 receptor antagonists induce dysbiosis 
that can exacerbate NSAIDs-related intestinal injuries [17, 23]. 


¢ Malabsorption Syndrome 


This is a common drug-related syndrome that can occur following 
polymedication (Table 6-2). PPIs can induce magnesium absorption disorders or 
iron and vitamin B12 deficiency, in a dose-dependent manner [18]. 


¢ Targeted Therapy-Related Gastrointestinal Mucositis 


Some of the agents used for the individualized treatment of cancer (Table 6-2) 
increase the risk of developing diarrhea, becoming twice to eight times as likely 
as compared to controls. The highest risk (eight times higher than the baseline) 
was recently reported for patients treated with lapatinib [3]. 
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Table 6-2. ADRs of the stomach, small intestine and colorectal segments. Data from references [10 - 
23]. 


Acute/chronic gastritis Aspirin, antibiotics, corticosteroids, NSAIDs, 
phenylbutazone, histamine, sulfonamides, cytotoxic drugs 
(taxanes: docetaxel, paclitaxel), bromocriptine (anti- 
prolactin drug), iron compounds, bisphosphonates 


Acute peptic ulcers/erosions Aspirin, corticosteroids, NSAIDs, anticoagulants, digitalis, 
5-FU, phenylbutazone, histamine, insulin, steroids 


GI hemorrhages Anticoagulants, cytotoxic drugs, sodium fluoride, PPIs 


IBD-like enterocolitis (diarrhea, constipation, | Immunosuppressive drugs (mycophenolate mofetil used in 

bloating and eosinophils in the bioptic renal transplantation recipients), 5-FU, NSAIDs, gold 

specimen) compounds, alpha-methyldopa, salicylates, sulfasalazine, 
ipilimumab (an anti-cytotoxic Tlymphocyte human 
monoclonal antibody used to treat melanoma, lung and 
prostate cancer) 


Fungal inflammations Antibiotics, corticosteroids, immunosuppressive agents 
Non-traumatic rupture of the GI tract Corticosteroids 


Pseudomembranous/hemorrhagic enterocolitis | Antibiotics (e.g., augmentin or amoxicillin with 
clavulanate), cytotoxic drugs, PPIs 

Ulcerative colitis Phenylbutazone, oral contraceptives, antifungal flucytosine, 
potassium chloride, NSAIDs, immunosuppressive drugs 


Colitis, constipation, GI bezoars (with Kayexalate® (sodium polystyrene sulfonate) — used to treat 
crystals) chronic renal failure 
Calcium and vitamin D 


Nausea, loss of appetite, diarrhea Augmentin (amoxicillin with clavulanate), 
chemotherapeutics (5-FU, capecitabine, irinotecan, tegafur, 
etc.), targeted cancer drugs (lapatinib, erlotinib, gefitinib, 
sorafenib, sunitinib, anti-EGFR agents), thyreostatic drugs, 
lithium topiramate (anticonvulsant) 


Intestinal infarction Digitalis toxicity 


Malabsorption syndrome Cytotoxic drugs, neomycin, colchicine, phenolphthalein, 
PPIs 


Vasculitis Serum sickness 


IATROGENIC LESIONS DURING DIAGNOSTIC AND THERAPEUTIC 
PROCEDURES 





Endoscopic Examinations 


Perforation of the esophagus is reported in fewer than 0.1% of patients who 
undergo upper GI endoscopic examination. The risk of rupture is higher for the 
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upper esophagus at the level of the cricopharyngeal muscle. The distal esophagus 
can be perforated in patients with chronic inflammations, previous stenosis and 
hiatal hernia. Perforation can lead to mediastinitis, peritonitis, septic shock, 
hemorrhagic shock, pneumoperitoneum (10 cases reported in 2012), etc. [1, 24]. 


Gastric perforation is extremely rare, but has been reported in patients with 
chronic atrophic gastritis or gastric cancer. Gastroscopy-related splenic rupture, as 
a result of excessive stretching of the splenogastric and splenodiaphragmatic 
ligaments, can also occur [25]. 


Perforation of the colorectal segments, both with and without subsequent 
peritonitis, occur in 0.05-0.6% of patients who undergo colonoscopy [26, 27]. 
Hemorrhages are seen in 0.28% of patients [27, 28]. 


In patients with coagulation disorders (such as hemophilia A), pericolic 
hematoma, splenic rupture and hemoperitoneum can emerge immediately or up to 
two weeks after intervention [27]. The risk of splenic rupture should also be taken 
into account in patients with difficult intubation, traction of the splenocolic 
ligament, looping of the colonoscope, adhesions between the spleen and colon, 
and presence of a large mass or polyp at the splenic flexure [27]. Other rare 
complications of colonoscopy are pneumothorax, pneumoperitoneum, interstitial 
emphysema, pulmonary emboli, congestive heart failure and sepsis. The 
colonoscopy-related mortality rate is approximately 0.4% (0.2% for diagnostic 
procedures and 1.2% for therapeutic procedures) [28]. 


Endoscopic Mucosal Resection and Submucosal Dissection for Early Gastric 
Cancer 


Delayed bleeding is the most common complication occurring after mucosal 
resection of gastric tumors. Perforation of the stomach and/or bleeding can occur 
in 2-3% of cases [29]. Following endoscopic submucosal dissection, perforation 
occurs in 1-4% of cases. This risk exceeds 10% for fundic tumors, which can be 
repaired with hemoclips. The rate of periprocedural bleeding is 1.7-16% [30, 31]. 
A rare complication is tension pneumoperitoneum [32]. 


Laparotomy 


Most laparotomy-related lesions are induced by surgical excision, but other 
lesions occur as a result of uncertain mechanisms. These lesions are presented in 
detail in Chapter 17. 


Acute Gastric Dilatation 


This is a multifactorial event induced by transient postoperative gastric wall 


Iatrogenic Pathology of Gastrointestinal Tract Textbook of Iatrogenic Pathology 117 


atony. It occurs in almost all patients who undergo an abdominal intervention, 
presenting a spontaneous resolution. In rare cases, the fluid accumulated in the 
dilated stomach can induce mesenteric traction and subsequent intestinal 
compression. Patients can present vomiting, abdominal pain, gastric distension, 
tachycardia, oliguria and even abdominal compartment syndrome. The latter 
complication can be avoided through permanent aspiration of the gastric fluid. 
The most severe complications are gastric necrosis with perforation, sepsis and 
prolonged gastroparetic state. Patients with diabetes or preexisting dysmotility 
disorders present a higher risk of postoperative complications [1, 33]. 


Ogilvie’s Syndrome (pseudomegacolon) 


This syndrome represents a postoperative acute paralytic dilatation of the cecum 
and ascending colon. It is primarily a complication of abdominal surgery and 
cesarean section, but can also emerge after coronary bypass grafting (0.046%), 
spinal surgery and joints arthroplasty (0.29-1.3%). Intestinal rupture is observed 
in 13-15% of cases, especially in patients with cecum dilatation greater than 12 
cm. The risk of intestinal gangrene is relatively high for elderly patients with 
associated comorbidities (cardiovascular, neurological, infectious, inflammatory, 
metabolic, efc.). In refractory cases, in addition to gastric and intestinal 
decompression, fluid and electrolyte balance correction should be accompanied 
by administration of neostigmine [1, 34, 35]. 


Lesions of the Gastric Stump 


Functional Disorders are the most common postoperative complications. These 
include GI dysmotility and biliary dyskinesia. Bloating, nausea, vomiting and 
malnutrition are the main symptoms [1]. 


Decrease of Immune Mechanisms has been recorded in several studies. The 
incidence of pulmonary tuberculosis is three times higher in patients who have 
undergone a gastric resection as compared to the control group. Due to the low 
acidity that emerges in 90% of cases (pH between four and eight, as compared to 
a normal pH between one and two), multiplication of bacteria and fungi, 
especially Candida albicans, is also noted [1]. 


Morphological Disorders of Remnant Gastric Mucosa are chronic gastritis and 


intestinal metaplasia that occur as a result of biliary and duodenal reflux. Gastric 
foveolar polypous hyperplasia (50% of patients) and cystic glandular dilatation 
(60%) can also be seen [1]. 


Gastric Stump Carcinoma can occur as a result of postoperatively emerging 
chronic gastritis, bloating of the anastomotic area with bile acids and an 
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increasing number of bacteria, including those with the capacity to transform 
nitrates into nitrosamines [1, 36]. 


Gastric stump carcinoma usually occurs within 30-32 years of gastrectomy 
performed for benign diseases. The time interval is shorter in patients who 
presented a primary malignant lesion (10-18 years). Regarding surgical technique, 
the time interval is longer following Billroth-I than it is following Billroth-I 
reconstruction (30-32 years vs. 12-20 years). This carcinoma is usually located 
near the suture line and remnant gastric wall, in the case of Billroth-I, and at the 
anastomotic area, in the case of Billroth-II procedures [36 - 38]. 


Delayed Consequences at the Incision Line of the Abdominal Wall 


Acute lesions are presented in Chapter 17. In this section, we present 
consequences related to delayed laparotomy. 


Foreign Body Granuloma can be formed surrounding the suture material, 
extensive inflammatory infiltrate, talc or other foreign bodies. 


Localized Myositis Ossificans is a rapidly growing, well-circumscribed 
metaplastic bone formation that can occur as a nodule on the incision line between 


weeks and years following surgery, usually without clinical consequences [39]. 
Under the microscope, bone lamellae lined by osteoblasts are seen (Fig. 6-6). 





Fig. (6-6). Post-laparoscopy delayed injuries of the abdominal wall. A — Localized myositis ossificans with 
bone lamellae and cartilage. B — Cheloid scar shown as subepithelial hyalinized connective tissue. C — 
Desmoid tumor indicated by proliferation of connective cells among the skeletal muscle fibers. This lesion 
occurred in a 25-year-old female, two years after laparoscopy. Due to the infiltrating aspect, removal of the 
rectus abdominis muscle was necessary. 


Cheloid Scars (Fig 6-6) are primarily reported in females. Scar endometriosis is 
rare and especially reported following appendectomy and in the laparoscopic 
trocar, usually with spontaneous regression [40]. 


Desmoid Tumors are slow-growing pseudotumoral lesions produced by mutations 
of the CTNNB1 gene that encodes B-catenin. They occur more frequently in 
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females, within one to two years of laparotomy, in most cases being reported 
following cesarean section of the abdominal muscle. In patients with desmoid 
tumors, the risk of occurrence of FAP is 1000 times greater than in the general 
population [41]. In one of our cases, the pseudotumor occurred in a 25-year-old 
female, two years after a previous laparotomy performed for a hepatectomy after a 
motorcycle accident (Fig. 6-6). 


Postoperative Parotitis 


Although rare (<0.3% of cases) postoperative parotitis can occur after abdominal 
surgery. It has been hypothesized that allergic mechanisms, postoperative 
dehydration or glandular autodigestion by substances released during surgery are 
responsible for its pathogenesis. It can be associated with other complications, 
such as abscesses, direct spread along the facial nerve and thrombophlebitis of the 
jugular vein [42]. 


Other Therapeutic Procedures 


Surgical Interventions 


Laparoscopy — ait embolism and bowel injury are the most common 
consequences [43]. Carbon dioxide (CO,) embolism can also occur during 
laparoscopic surgery, which usually requires pneumoperitoneum by insufflating 
CO, into the peritoneal cavity. It can be a consequence of vascular injuries (e.g., 
to the middle hepatic vein during laparoscopic cholecystectomy). Clinical 
indications include significantly decreased arterial blood pressure, arrhythmia and 
pulmonary hypertension [43]. Massive dilatation of the stomach, or gas-bloat 
syndrome, which can be associated with delayed gastric necrosis, is known to be a 
relatively common consequence (1-85%) of laparoscopic Nissen fundoplication. 
This intervention is performed in patients with PPIs, refractory gastroesophageal 
reflux disease (GERD) and in patients with hiatal hernia [44]. Details regarding 
the potential complications of laparoscopy are presented in Chapter 17. 


Surgery for Head and Neck Tumors can induce functional disorders of the GI 
tract, such as dysphagia [7]. 


Cervical Spine Surgery especially anterior cervical discectomy, can be followed 
by soft tissue injuries and esophageal perforation (0.25-1.49%). The most 
common late postoperative complication is dysphagia, which occurs as a result of 
plate migration and esophageal erosion through the posterior pharyngeal wall. It is 
more common in females over the age of 60 and is directly correlated with the 
length of the surgical intervention [45 - 47]. About 98% of cases present 
spontaneous regression within two years of surgery. Recurrent pneumonias, 


120 Textbook of Iatrogenic Pathology Gurzu et al. 


cervical abscesses, sepsis, mediastinitis, meningitis and unexplained fever can be 
associated [47]. Tapia’s syndrome (hoarse voice, impaired breathing and tongue 
paresis) have also been reported following spinal surgery [48]. 


Endoscopic Interventions 


Sclerotherapy for Esophageal Varices can be followed by esophageal ulcerations 
and hemorrhages [49]. Rebleeding is reported in 2.2% of patients in the first two 


weeks following the obliteration, 3.9% of patients within four weeks, 18.9% of 
patients within six months and 27.6% of patients within 12 months [50]. The risk 
of squamous cell carcinoma of the esophagus is observed to increase within about 
20 months of sclerotherapy [51]. 


Augmentation of the Lower Esophageal Sphincter can be performed in patients 
with severe GERD using magnetic devices approved by the FDA in 2012. These 


are considered to be safe devices, without significant side effects. The most 
common complications are moderate to severe regurgitation (57% in the first 
months and only 1.2% after five years), gas-bloat syndrome (52% at baseline and 
8.3% at five years) and dysphagia (5%) [52]. 


Parenteral Nutrition 


This can lead to intestinal atrophy (due to lack of use) or cholecystitis (due to 
prolonged biliary stasis and absence of cholecystokinin that is synthesized into the 
small intestine). Postprocedural pneumonia, sepsis and metabolic and electrolyte 
imbalances can be associated [53]. 


Enteral Nutrition 


This can induce gastroesophageal reflux, pulmonary aspiration of gastric content, 
gastrohepatic fistulae and sepsis [53, 54]. Long-term enteral nutrition can lead to 
esophageal ulcerations and plasma deficiency of iron, zinc, phosphorus, calcium 
and vitamin D (micronutrient deficiency), especially in children. Diarrhea, 
vomiting, necrotizing enterocolitis, malabsorption and metabolic disorders (hypo- 
/hypernatremia, hypokalemia and hyperglycemia) can also occur [55]. In patients 
with severe acute pancreatitis, enteral feeding increases the severity of chylous 
ascites [56]. 


Hemodialysis-Related Gastric Lesions 


Hyperplasia _ of the Gastric Mucosa can be caused by hypergastrinemia, 


hyperchlorhydria or uremia. It involves hyperplasia of gastric parietal cells, antral 
G-cells and Brunner’s duodenal glands [1, 57]. 
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Gastric Angiodysplasia refers to gastric antral vascular ectasia (GAVE), which is 
also known as watermelon stomach. It can be a consequence of continuous 
peritoneal dialysis and can induce anemia and hematemesis [58]. 


Other Colorectal Lesions 


Radiotherapy-Related Lesions are usually without significant clinical 
consequences and present as actinic proctitis and rectal stenosis [59]. 


Post-Transplant Injuries of the GI Tract are relatively common. Following 
kidney transplantation, uremia-related pseudomembranous colitis (Fig. 6-7) can 
be complicated by colorectal ulcerations and/or perforations. The 
immunosuppressive drug mycophenolate mofetil induces colitis and diarrhea 
(Table 6-2) in 45% of patients [60]. 





Fig. (6-7). Uremia-induced pseudomembranous proctitis. 


Foreign Body Granulomas can be formed surrounding vegetable fibers or suture 
material (Fig. 6-8), but an excessive amount of inflammatory infiltrate can also 
induce their genesis. In some cases, they can mimic a tumor relapse. Talc powder 
proctitis is the result of accumulation of starch granules or talc crystals from 
surgical gloves. It is an immune-induced granulomatous inflammation that can 
lead to rectal wall fibrosis and stenosis. Barium passage can be followed by the 
formation of intramural barium granulomas, while the treatment of hemorrhoids 
using oil-based substances can be followed by the occurrence of oleogranulomas 


[1]. 


Other Postoperative Colorectal Lesions include surgical dehiscence (with 
accompanying risk of sepsis) and hemorrhages (with accompanying risk of 
hemoperitoneum or hemorrhagic shock). In one of our cases, two weeks after a 
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colectomy was performed to treat a colonic tumor, the patient was hospitalized 
with mechanical ileus. At this point, a partial colectomy was performed. In the 
surgical specimen, on the cut section, a total luminal obstruction produced by 
forgotten surgical meshes, surrounded by a rich granulation tissue was found (Fig. 
6-9). 





Fig. (6-9). Postoperative intestinal obstruction with surgical meshes. 
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CHAPTER 7 


Iatrogenic Pathology of the Peritoneum and 
Retroperitoneum 


Ioan Jung, Vlad Butiurca and Simona Gurzu’ 
Department of Pathology, University of Medicine and Pharmacy, Tirgu-Mures, Romania 


Abstract: This chapter presents a synthesis of data regarding the iatrogenic injuries of 
the peritoneum and retroperitoneum. Similar to the previous chapters, medical drug- 
induced lesions and the consequences of diagnostic and/or therapeutic interventions are 
presented in detail. Iatrogenic retroperitoneal fibrosis can emerge following 
radiotherapy or as a consequence of long-term use of drugs such as beta blockers or 
antiepileptic substances. Pneumoperitoneum is usually a postoperative transient lesion, 
but it can also be a severe consequence of barotrauma or mechanical ventilation. The 
causes and consequences of iatrogenic peritonitis and ascites are also analyzed. 


Keywords: Adverse drug reaction, Ascites, Barotrauma, Beta blockers, Hema- 
toma, Hemoperitoneum, Hydralazine, Iatrogenic, Peritoneum, Peritonitis, 
Pneumoperitoneum, Retroperitoneal emphysema, Retroperitoneal fibrosis, 
Retroperitoneum. 


DRUG-INDUCED LESIONS 


Hemoperitoneum _ can occur in patients taking anticoagulants as a spontaneous 
lesion or secondary to drug-induced spleen rupture [1, 2]. 


Retroperitoneal Fibrosis_is, in 85% of cases, an idiopathic primary lesion known 
as Ormond’s disease. Secondary fibrosis can be induced by drugs (Table 7-1), 
radiotherapy performed for abdominal tumors or surgical intervention. It is 
accompanied by a high risk of developing progressive renal failure; uretero- 
hydronephrosis is associated in 63% of patients. The treatment comprises steroids 
and immunosuppressive drugs, but azathioprine, methotrexate and cyclosporine 
are sometimes necessary [3, 4]. 


Sclerosing Peritonitis involves extensive fibrosis of the wall of the small 
intestine and mesenterium followed by intestinal stenosis or obstruction. The 
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idiopathic type was first reported by Owtschinnikow in 1907, whereas the 
secondary type was only identified in 1978, occurring after prolonged peritoneal 
dialysis. It can also be induced by drugs (e.g., beta blockers, antiepileptics) or as a 
complication of intestinal transplantation [4 - 6]. 


Table 7-1. Drug-related peritoneal lesions. Data from references [1 - 4]. 


Anticoagulants, antiplatelet drugs, cytotoxic drugs 





Fibrosis Hydralazine, beta blockers (e.g., propranolol), methyldopa, LSD analogs (dose-dependent 
effect), nicotinic acid, procaine-polyvinylpyrrolidone, ergotamine, belladonna, analgesics, 


methysergide, antiepileptic drugs 


IATROGENIC LESIONS DURING DIAGNOSTIC AND THERAPEUTIC 
PROCEDURES 


Pneumoperitoneum and Retroperitoneal Emphysema 


Transient pneumoperitoneum without associated bowel perforations occurs in 
60-80% of abdominal surgical interventions and is usually without clinical 
impact. About 500-1000 ml of air is accumulated in the peritoneal cavity and is 
spontaneously absorbed within 10 days. In most cases, no clinical consequences 
are reported, but secondary fibrotic adherences or compression of the abdominal 
organs can occur. Besides abdominal surgery, pneumoperitoneum can also be a 
consequence of gynecological surgery or GI tract endoscopy as a result of bowel 
perforation [4, 7, 8]. Endoscopic resection of gastric tumors and endosonography- 
guided biliary drainage are also reported to induce pneumoperitoneum [9, 10]. 


Tension Pneumoperitoneum can be a consequence of barotrauma. It produces 
progressive compression of the abdominal organs and large vessels (abdominal 
aorta, inferior cava vein) and can induce abdominal compartment syndrome [4, 
11]. Tension pneumoperitoneum can also emerge after laparoscopic interventions 
and can lead to subcutaneous emphysema, tension pneumothorax and 
pneumomediastinum [12]. In 4% of children undergoing pneumatic reduction of 
ileal intussusception, tension pneumoperitoneum emerged during air enema 
reduction. Needle decompression and subsequent laparotomy with bowel 
resection is the treatment of choice [13]. 


Retroperitoneal Emphysema_ can be a consequence of mechanical ventilation. 
The pathomechanism involves high pressure-induced interstitial emphysema of 
the lung and mediastinal tissues, with subsequent propagation of the air through 
the retroperitoneum and peritoneal cavity. The air is either totally absorbed or its 
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accumulation leads to peritoneal adherences and/or emphysema of the abdominal 
tissues [4, 7]. 


Retroperitoneal Hematoma and Hemoperitoneum 


In patients undergoing cardiac angiography or angioplasty, retroperitoneal 
hematoma can occur during catheter advancement as a result of dissection and/or 
rupture of the abdominal aorta [14]. In our experience, this lesion has been 
identified at autopsy in only one case. This was the case of a 62-year-old male 
with severe atherosclerosis who presented a periprocedural intramural hematoma 
as a result of rupture of an atherosclerotic plaque of the abdominal aorta. Within a 
few hours of intervention, rupture of the hematoma led to fatal retroperitoneal 
hematoma and hemorrhagic shock. 


Retroperitoneal bleeding can also occur during open or laparoscopic abdominal, 
urological or gynecological surgery as a result of rupture of the major vessels [15, 
16]. During spinal surgery, injuries of the lumbar artery can lead to formation of a 
pseudoaneurysm and delayed retroperitoneal hematoma [17]. Moreover, because 
the aortic bifurcation is near to the anterior surface of the L4-L5 disc, lumbar 
discectomy can lead to dilacerations of the aorta and subsequent retroperitoneal 
hemorrhage [18]. 


In patients with polycystic kidney, hemodialysis can induce rupture of the cystic 
structures and retroperitoneal hemorrhage [19]. In children, retroperitoneal 
hemorrhage can occur after cardiopulmonary resuscitation [20]. 


Postoperative Peritonitis 


Iatrogenic peritonitis can be an infective or non-infective, acute or chronic, 
localized or diffuse, exudative or granulomatous inflammation. 


¢ Diffuse Purulent Peritonitis 


This is an infective inflammation that can occur after abdominal surgery, 
including laparoscopy, or as a complication of hemodialysis [21]. Incidental 
rupture of the intestine can occur in pediatric surgery, but can be intraoperatively 
handled (Fig. 7-1). 


e Bile Peritonitis 
This is a non-infective peritonitis caused by bile extravasation into the 


abdominal cavity. The bile can be released following rupture of the bile ducts 
(during cholecystectomy, endoscopic retrograde cholangiopancreatography or 
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endosonography-guided biliary drainage) or of the liver (during liver biopsy or 
abdominal surgery). The reported mortality rate is approximately 0-1.8% [4, 10, 
22]. 





Fig. (7-1). Incidental perforation of the intestine during pediatric abdominal surgery. 


e Granulomatous Peritonitis 


This is characterized by the formation of foreign body granulomas and can be 
induced by several substances that can enter the abdominal cavity. 

Starch and Talc Granulomatous Peritonitis is the result of accumulation in the 
peritoneal cavity of granules/crystals released from surgical gloves. Foreign 
body granulomas forming around talc crystals occur within between 10 days and 
weeks after surgery, presenting as small white nodules that can mimic peritoneal 
carcinomatosis or miliary tuberculosis. Superinfection with Staphylococcus can 
be associated. Under the microscope, the talc crystals present a Maltese cross 
birefringence [4, 23]. 

Surgical Materials-Related Peritonitis is a granulomatous inflammation 
produced by cellulose and cotton fibers derived from disposable surgical gowns, 
drapes and meshes [21, 24]. Under the microscope, the cellulose fibers are 
birefringent [4]. An intraperitoneal mesh forgotten in the abdominal cavity can 
induce a granulomatous-purulent inflammation (Fig. 7-2). 

Barium Peritonitis is rare and can occur following a barium enema and 
subsequent bowel perforation. The incidence is between two and eight cases per 
10,000 examinations. The barium crystals are non-birefringent upon 
microscopic examination and granulomas are primarily located at the 
anastomotic site [4, 25]. 
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Fig. (7-2). A forgotten mesh that induced a postoperative peritonitis. 
IATROGENIC ASCITES 


e Postoperative Chylous Ascites 


Although uncommon, this is reported following pelvic irradiation and 
abdominal/retroperitoneal surgical interventions, including hepatopancrea- 
tobiliary surgery (1%). In patients undergoing pancreatic resection, the risk of 
developing chylous ascites is about 3.3%, and even higher after distal 
pancreatectomy. The main risk factors are manipulation of the para-aortic 
structures, retroperitoneal invasion and early postoperative enteral feeding [26 - 
29]. 

Chylous ascites is also reported within the first weeks following radical surgery 
for gynecological cancer, including hysterectomy, bilateral adnexectomy and 
extended lymph node dissection [30, 31]. It can also be a complication of 
mediastinal surgeries, such as thoracic duct embolization [32]. 

Its diagnosis is based on the presence of at least 100 ml of milky fluid per day in 
the abdominal cavity, which is amylase-free and has a triglyceride concentration 
of at least 110 mg/dl [26]. Chyluria test is positive. Its consequences are 
hypoproteinemia, electrolyte imbalance, malnutrition, immunodeficiency, fungal 
infections and even death [26, 30]. 


e Eosinophilic Ascites 


This is a rare lesion that can be associated with parasitic infections, eosinophilic 
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gastroenteritis, abdominal lymphomas or rupture of a hydatid cyst. Iatrogenic 
eosinophilic ascites is also reported in patients undergoing chronic peritoneal 
dialysis [4, 33]. 


e Urinary Ascites and Peritonitis 


Uroperitoneum and urinary peritonitis occur most particularly in pediatrics 
departments. Their incidence is about 0.5% of all pediatric abdominal 
emergencies and 5% of urological emergencies. Bladder rupture is an 
uncommon lesion that can occur during surgery and can induce sepsis and acute 
renal failure [34, 35]. 
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CHAPTER 8 


Iatrogenic Pathology of the Liver, Gallbladder and 
Pancreas 


Simona Gurzu' and Ioan Jung 
Department of Pathology, University of Medicine and Pharmacy, Tirgu-Mures, Romania 


Abstract: This chapter presents a synthesis of data regarding iatrogenic injuries of the 
liver, gallbladder and pancreas. For each of these organs, medical drug-induced lesions 
are presented. The second part of the chapter includes the consequences of diagnostic 
and/or therapeutic interventions for the above-mentioned organs. The liver is the 
second most common organ involved in drug effects, following the skin. Its destruction 
can be an indication for transplantation. The hepatic disorders include metabolic 
disturbances, cholestasis, hepatitis, cirrhosis and risk of malignancy. The biliary 
channels can be injured during open surgical interventions or laparoscopic 
cholecystectomy, leading to fistulae, peritonitis, bilirrhagia and even death. Endoscopic 
retrograde cholangiopancreatography (ERCP) can be associated with local 
complications, such as pancreatitis and cholangitis, but pneumothorax, 
pneumomediastinum and pneumoretroperitoneum are also encountered in rare cases. 


Keywords: Adverse drug reaction, Allergy, Bilirrhagia, Cholangiopancreato- 
graphy, Cholecystectomy, Cholestasis, Cirrhosis, Gallbladder, Hematoma, 
Hepatitis, Hepatocellular carcinoma, Hepatoportal sclerosis, Iatrogenic, Liver, 
Pancreas, Pancreatitis, Peritonitis. 


DRUG-INDUCED LESIONS 


Besides the skin, the liver is the most common organ that presents drug-induced 
lesions. Moreover, liver injuries are the most common reason for drug withdrawal 
from the pharmaceutical market (e.g., troglitazone, bromfenac) and the leading 
cause for liver transplantation [1]. The worldwide incidence of drug-induced liver 
injuries is between two and 24 cases per 100,000 people per year [1]. These 
injuries can include metabolic disorders, acute cholestasis with reversible focal 
necroses, granulomatous/fulminant hepatitis, chronic liver injury (toxic hepatitis, 
steatosis, cirrhosis, hepatoportal sclerosis), high serum levels of transaminases, 
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hepatomegaly and neoplastic lesions (hepatocellular carcinoma, 
cholangiocarcinoma, angiosarcoma) [2]. In our practice, we have encountered a 
few cases in which liver transplantation was necessary due to severe liver failure 
that occurred as a result of consumption of weight-loss pills, in young females, or 
anabolic substances, in males. 


Mechanisms of ADRs 


Hepatopancreatic drug-related lesions can be induced through dose-dependent 
toxicity or through allergic or idiosyncratic mechanisms (dose-independent ADR) 


[1]. 
Dose-Dependent Hepatopancreatic Toxicity 


The most common dose-dependent hepatotoxic drugs are aspirin, salicylates, 
chemotherapeutics, steroids, methyltestosterone and estrogen (Table 8-1). 
Chemotherapeutics, such as capecitabine and oxaliplatin, can induce 
steatohepatitis (Fig. 8-1), sinusoidal obstruction syndrome, liver fibrosis and liver 
failure [3 - 5]. Long-term consumption of androgenic steroids-based contraceptive 
pills is a risk factor for hepatocellular adenoma (with an annual incidence of 
between three and four cases per 100,000 females) and even hepatocellular 
carcinoma [6]. 


Drug-related pancreatitis is reported by the WHO to be induced by more than 500 
drugs, but direct toxic effect has been proven for 31 drugs only [7]. These include 
chemotherapeutics (Fig. 8-1), paracetamol, steroids, procainamide, efc. [8]. 
Simultaneous administration of capecitabine and oxaliplatin can also induce 
hypertriglyceridemia [3 - 5]. 





Fig. (8-1). Chemotherapy-associated hepato-pancreatic lesions. Steatohepatitis (left) and chronic pancreatitis 
(right) induced by capecitabine and oxaliplatin. 
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Allergic and Idiosyncratic Drug Reactions 


These mechanisms are more frequently involved in drug-induced hepatic 
disorders than dose-dependent lesions. Hepatopancreatic lesions arise within 
several weeks of the completion of treatment. Systemic reactions, such as fever, 
rash, arthralgia and eosinophilia, can be associated [1, 2, 9]. 


Hepatopancreatic Lesions Induced Through Mixed Mechanisms 


Halothane-related hepatitis is produced through direct toxicity combined with 
hypersensitivity and genetic susceptibility [10]. The associated yellowish liver 
presents large necrotic areas under the microscope (Fig. 8-2). 





Fig. (8-2). Halothane-induced hepatitis with necrosis. 


Drug-Induced Diabetes and Hyperglycemia can be the result of direct toxic 
effect or alterations in insulin secretion and sensitivity. They can be caused by 
several drugs, including steroids, nicotinic acid, statins, thiazide diuretics, 
fluoroquinolones, phenytoin, valproic acid, pentamidine, growth hormones, 
somatostatin analogs, beta blockers, calctum channel blockers and inhibitors of 
the renin-angiotensin system (Table 8-1) [11]. In pediatric departments, 
medication-induced diabetes is especially reported in children with leukemia 
treated with L-asparaginase and glucocorticoids [12]. 


Table 8-1. Drug-induced hepatopancreatic injuries. Data from references [1 - 20]. 


High level of serum Augmentin (amoxicillin with clavulanic), neuroleptic/antidepressant 


transaminases, jaundice drugs (chlorpromazine, lithium,  tiotixen, _ triflupromazine, 
tranylcypromine) 
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(Table ) cont... 


Lesion 


Dose-dependent hepatotoxicity Aspirin, salicylates, NSAIDs, chemotherapeutics (daunorubicin, 
methotrexate, antifolates, oxaliplatin, 5-FU, capecitabine), steroids, 
estrogen, methyltestosterone immunosuppressive drugs (cyclosporine, 
tacrolimus), thyreostatic drugs, halothane 


Cholestasis/cholestatic hepatitis |Methyltestosterone, analgesics, erythromycin, nitrofurantoin, 
rifampicin, contraceptive pills, busulfan, tamoxifen, carbamazepine, 
cyclosporine, nifedipine chlorpromazine, phenothiazines, azathioprine, 
nicotinic acid, ketamine 


Fatty liver Tetracycline, asparaginase, sodium valproate, methotrexate, 
amiodarone, 5-FU 


Perisinusoidal fibrosis Excess of vitamin A, oxaliplatin 


Peliosis Anabolic steroids, oral contraceptives, azathioprine, corticosteroids, 
immunoglobulins, tamoxifen, methotrexate, 6-thioguanine, 6-merc- 
-ptopurine 


Chlorpromazine, phenothiazines, halothane 
Sulfonamides, methyldopa, phenylbutazone 


Viral-like hepatitis Antituberculosis agents (isoniazid, rifampicin, 4-aminosalicylic acid), 
methyldopa, phenytoin, halothane 


Autoimmune-like hepatitis Sofosbuvir, masitinib, nitrofurantoin 


Granulomatous hepatitis Sulfonamides, chlorpromazine, phenylbutazone, allopurinol, 
carbamazepine 

Chronic aggressive hepatitis/ Isoniazid, methyldopa, methotrexate, phenolisatine-containing laxatives 

cirrhosis 


Oddi sphincter spasm (narcotics) 


Iatrogenic diabetes and|Corticosteroids, growth hormone-releasing drugs (genotropin), 

hyperglycemia somatostatin analogs, nicotinic acid, statins, thiazide, diuretics, 
fluoroquinolones, phenytoin, valproic acid, pentamidine, beta blockers, 
calcium channel blockers, inhibitors of the renin-angiotensin system 


Acute or chronic pancreatitis, |Calcium/vitamin D overdose, azathioprine, sulfonamides, L- 

steatonecrosis asparaginase, 6-mercaptopurin, pentamidine, furosemide, estrogens, 
tetracyclines, piroxicam, acetaminophen (paracetamol), corticosteroids, 
chemotherapeutics (oxaliplatin, capecitabine, pazopanib, sunitinib, 
sorafenib, axitinib), antithyroid methimazole 





Morphology of Drug-Induced Hepatopancreatic Disorders 


Cholestasis occurs as a result of damage to the basal membrane of the biliary 
channels and can be induced by several drugs, such as anabolic steroids, 
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tranquilizers, antibiotics, etc. (Table 8-1) [13]. 


Hepatitis can be similar to acute viral hepatitis, associated with focal eosinophilic 
necroses, or can display other morphological features (Table 8-1). Tuberculostatic 
drugs can cause the occurrence of bridging necrosis. Cholestatic hepatitis 
comprises the association of cholestasis with periportal inflammatory infiltrate 
rich in eosinophils. This can be a side effect of drugs used for patients with 
psychiatric disorders (e.g., phenothiazines). Azathioprine (imuran), which is used 
in patients with Crohn’s disease, nicotinic acid (vitamin B3 or niacin) and the 
antithyroid drug methimazole can also be responsible for the occurrence of 
cholestatic hepatitis [2, 7, 9, 14]. Reactive hepatitis is characterized by the 
presence of periportal inflammatory infiltrate rich in eosinophils and Kupffer cells 
hyperplasia. It can occur following consumption of sulfonamides, methyldopa or 
phenylbutazone. Autoimmune-like hepatitis can be diagnosed based on elevated 
titers of antinuclear and anti-smooth muscle antibodies, along with elevated IgG, 
transaminases and gamma globulin serum levels. Microscopically, large areas of 
necrosis with fibrous septa and distorted architecture can be seen. This hepatitis 
can be induced by the immunomodulator drug masitinib, which is used in patients 
with amyotrophic lateral sclerosis [15], but also by nitrofurantoin [16] and by 
drugs used to treat patients with chronic viral hepatitis such as sofosbuvir [17]. 
Chronic aggressive hepatitis can be caused by long-term consumption of 
methyldopa, tuberculostatic drugs, cytotoxic agents or laxatives [18]. 
Granulomatous hepatitis 1s microscopically characterized by granulomatous 
proliferation of Kupffer cells and inflammatory cells. It can be induced by 
allopurinol, sulfonamides, ete. [2]. 


Perisinusoidal Fibrosis can be the result of vitamin A overdose and involves 
proliferation of Ito cells. 


Hepatic Peliosis is characterized by proliferation of blood-filled spaces and can 
occur following long-term consumption of oral contraceptives or androgens [6]. 


Fatty Liver can be seen in long-term users of antibiotics, methotrexate, etc. 


Pancreatitis can be induced by several drugs (Table 8-1), including 
antiangiogenic agents (e.g., pazopanib, axitinib) and kinase inhibitors (e.g., 
sunitinib, sorafenib) [7]. After excluding other potential causes, the diagnosis of 
drug-induced pancreatitis is based on its occurrence during drug administration, 
resolution after drug cessation and reoccurrence after re-administration of the 
specific drug [7]. In drug-induced acute pancreatitis, the blood lipase levels 
usually decrease after drug cessation [2, 19, 20]. 
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IATROGENIC LESIONS DURING DIAGNOSTIC AND THERAPEUTIC 
PROCEDURES 


Surgery-Related Injuries of the Biliary Channels 


The first iatrogenic bile duct injury was reported by Sprengel in 1891 following a 
classic cholecystectomy. The laparoscopic cholecystectomy was firstly performed 
in 1985 by the German surgeon Erich Miiche, and the rate of complications has 
progressively decreased since then. However, the biliary channels can be injured 
in 0.2-9% of patients undergoing laparoscopic cholecystectomy, especially in 
cases of gangrenous or sclerosing cholecystitis. These channels can be crushed, 
sectioned or tied. The early consequences are biliary fistulae, biliary peritonitis 
and bilirrhagia. Postoperative jaundice and pancreatitis can occur as a 
consequence of incidental suture of biliary channels or lesions of the Oddi 
sphincter. The mortality rate related to laparoscopic cholecystectomy is 
approximately 1%. This rate increases to 4% in octogenarians, due to associated 
comorbidities (ischemic heart disease, diabetes, chronic renal failure, etc.), the 
higher incidence of gangrenous cholecystitis and bile duct stones in this group, 
and greater conversion from laparoscopic to open surgery as compared to younger 
patients. Consequences that emerge later include excessive scarring with further 
biliary stenosis, biliary cirrhosis and hepatic failure [21 - 24]. 


Endoscopic Retrograde Cholangiopancreatography (ERCP) 


ERCP and endoscopic papillotomy are associated with a rate of complications of 
5-6.9%, mainly involving pancreatitis and cholangitis [25]. Lesions of the papilla 
of Vater can induce periampular hemorrhages. In 10% of cases, delayed 
ampullary strictures are reported [26]. Perforation of the ampulla of Vater can be a 
life-threatening complication. The ERCP-related mortality rate is 0.33% [25]. 


Pneumothorax, pneumomediastinum and pneumoretroperitoneum are rare 
complications of ERCP that primarily occur following sphincterotomy and in 
patients with juxtapapillary diverticula. The mechanism involves interruption of 
the duodenal barrier due to a deep sphincterotomy. As a result, air enters the 
peritoneum, retroperitoneum and mediastinum [25]. 


Endoscopic ultrasound-guided biliary drainage, which is performed in patients 
with biliary obstruction, can be followed by bile leakage, biloma formation, 
pneumoperitoneum, peritonitis, stent malposition and stent migration [27]. 


Liver Biopsy 


Liver biopsy can be followed by biliary peritonitis, especially in patients with 
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mechanical jaundice. Accidental bioptic incision of a hydatid cyst can produce 
anaphylactic shock. Other rare complications are hemorrhages, perforation of the 
surrounding organs, subcutaneous or mediastinal emphysema and air embolism. 
Barium intravasation into the portal vein can lead to pylephlebitis and subsequent 
liver abscesses. The mortality rate is 0.03% [2, 28]. 


Liver Resection 


Post-hepatectomy liver failure is the most severe associated complication, with an 
incidence of 5-10%. This risk is directly correlated with the size of the resected 
specimen but is also patient-related. Hepatocellular failure and postoperative 
ascites are more common in patients with a remnant liver volume of <1% of body 
weight or 50% of initial total liver volume [29]. Portal vein ligation is usually 
used to rapidly induce liver regeneration. It is associated with a mortality rate of 
12-20%. Other post-vein ligation complications are complete ischemia of the 
deportalized liver, biliary fistulae and ascites. An improper suture of the hepatic 
artery can produce necroses of liver parenchyma [30]. 


In patients with hepatic tumors treated with transcatheter chemoembolization, 
expanded necrosis of the hepatic parenchyma surrounded by gas collection, as a 
result of nitrogen release, can be observed upon CT examination [2, 28]. 


Iatrogenically induced lesions of the liver should be differentiated from 
inflammatory disorders and benign tumors or pseudotumors, such as adenoma, 
hemangioma, cysts, focal nodular hyperplasia, biliary hamartoma, etc. [2, 28, 31]. 


Surgery-Related Injuries of the Liver Parenchyma 


Focal Necroses are primarily related to the intrahepatic circulatory disorders that 
can be caused by abdominal surgery. Diffuse necroses can occur following 
ligation of the hepatic artery. Steatohepatitis, hepatic cirrhosis and increased risk 
of hepatocellular carcinoma are reported following jejuno-ileal bypass surgery 
performed for morbid obesity [2]. 


Percutaneous endoscopic gastrostomy is a safety procedure that is commonly used 
for enteral nutrition. In rare cases, life-threatening complications, such as 
dislodging of the tube with further gastrohepatic fistulae and formation of liver 
abscesses, have been reported [32]. 


Surgery-Related Pancreatic Lesions 


Independently of the type of surgery, postoperative shock can be associated with 
acute pancreatitis, which is, in some cases, a life-threatening complication. 
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In patients with pancreatitis who undergo pancreatectomy, damage to the portal 
vein or mesenteric/splenic artery with subsequent hemorrhage is reported [2]. 
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CHAPTER 9 


Iatrogenic Pathology of the Kidney and Urinary 
System 


Ioan Jung and Simona Gurzu* 
Department of Pathology, University of Medicine and Pharmacy, Tirgu-Mures, Romania 


Abstract: This chapter presents a synthesis of data regarding acute and chronic drug- 
related lesions of the kidneys and urinary tract, as well as the urologic injuries that can 
result from diagnostic and/or therapeutic interventions. Reversible or irreversible renal 
injuries can be caused by prerenal, intrarenal or postrenal damage. Identification of the 
pathomechanism is mandatory for proper treatment of the side effects. Those drugs that 
are excreted through the kidneys can induce ischemic or obstructive lesions and can 
predispose the patient to stone formation. Analgesic nephropathy is a particular type of 
nephritis that can be reversible after drug cessation. Glomerulonephritis can be caused 
by several drugs, including vaccines, anti-inflammatory agents and beta blockers. 
Regarding surgical interventions, upper urinary tract deterioration can occur following 
direct injuries or as a consequence of iatrogenic lumbosacral spinal cord lesions. 
Complications relating to peritoneal dialysis are also presented in detail. 


Keywords: Adverse drug reaction, Analgesic nephropathy, Azotemia, Cystitis, 
dialysis, Glomerulopathy, Hemolysis, Iatrogenic, Kidney, Lithiasis, Nephritis, 
Papillary necrosis, Percutaneous intervention, Urinary tract, Vasculitis. 


DRUG-INDUCED LESIONS 


Drug-induced renal injuries can be reversible or irreversible, acute or chronic 
processes (Table 9-1 and Table 9-2). The mechanism involves damage at one of 
the following three levels: prerenal (volume depletion and electrolytes 
disturbances), intrarenal (direct toxicity, pro-inflammatory effect or drug-induced 
obstructive or ischemic lesions) and postrenal (promoters of stone formation) [1]. 


Acute kidney injuries are identified based on albuminuria and elevated levels of 
serum creatinine and blood urea nitrogen. Other recently proposed serum 
biomarkers are kidney injury molecule-1, neutrophil gelatinase-associated 
lipocalin and N-acetyl-B-d-glucosaminidase [2]. 
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Prerenal_Azotemia can be caused by mannitol, diuretics and antihypertensive 
drugs that act as vasodilators and induce hypovolemia [1]. 


Intrarenal_ Injuries primarily refer to tubular lesions, but secondary 
parenchymatous damage is associated. Glomerulonephritis and interstitial 
nephritis are generated through immune complex hypersensitivity (type II) 
reaction. Acute interstitial nephritis can be a dose-dependent lesion in long-term 
users of proton pump inhibitors (PPIs). Vascular lesions can also occur. Due to 
the inhibition of prostaglandin synthesis, NSAIDs produce impaired perfusion 
with subsequent acute allergic interstitial nephritis and/or acute toxic tubular 
necrosis [1, 3]. 


Postrenal Injuries are primarily dose-dependent lesions and include urethral 
obstruction and risk of stone formation [4]. 


Analgesic Nephropathy 


This is a particular type of drug-induced chronic nondestructive interstitial 
nephritis that is characterized by interstitial fibrosis and tubular atrophy. In severe 
forms, papillary necrosis can occur (Fig. 9-1). Sclerosis of the medullary 
capillaries and fibrosis of the mucosa lining calices, pelvis and ureters can be 
associated [5, 6]. Chronic renal failure is reported in one third of patients. This 
type of nephritis is caused by the chronic use of analgesics (phenacetin, 
acetaminophen, saridon, etc.) or NSAIDs [4, 7]. 


The treatment involves drug cessation. Due to progressive renal failure, the 
clinical symptoms are polyuria, polydipsia and hypertension. This lesion 
predisposes the patient to urothelial carcinoma, the incidence of which is 13 times 
higher than in the control group. The risk of urothelial carcinoma of the renal 
pelvis, furthermore, is 75 times higher than in the control group [4, 7]. 





Fig. (9-1). Bilateral papillary necrosis in a patient with chronic interstitial nephritis. 
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Other Drug-Induced Renal Injuries 


These lesions are presented in Table 9-1 and Table 9-2. The most common 
specific drug-related effects are the following [4, 8 - 10]: 


Contrast _ Agents (e.g., iodine-based substances) can produce tubular lesions 
which induce acute/chronic renal failure, acute/chronic nephrotic syndrome, fluid 
and electrolyte imbalance, acid-base disorders, etc. 


Antibiotics (e.g., gentamicin, tobramycin, cephalosporin) present a dose- 
dependent tubular toxicity. The tetracyclines present an anabolic effect and can 
induce tubulonephrosis. Amphotericin produces vasoconstriction of the small 
arteries and arterioles. 


Diethylenetriamine (DETA) is an organic compound used in patients with lead or 
other metal intoxications, which can induce tubulonecrosis of the proximal tubes. 


Cyclosporine and Rapamycin induce functional disorders due to their inhibition 
of calcineurin. 


Serum Immunization and Vaccination can cause an immune-mediated crescentic 
or membranous glomerulonephritis. 


Lithium Nephropathy can occur in patients with mood or bipolar disorders, or 
other psychiatric illnesses, who take lithtum compounds for more than one or two 
years. It is characterized by a wide range of spectrum injuries, from a minimal 
decrease of the glomerular filtration rate to tubulointerstitial nephropathy and 
renal failure. The consequences are more severe in young females. 


Table 9-1. Drug-induced tubular lesions and functional disorders. Data from references [1 - 10]. 


Tubular toxicity Cisplatin, nedaplatin, amphotericin B, tacrolimus, carbamazepine, 
aminoglycosides, quinolones, ifosfamide, radiocontrast substances, 
mannitol, dextran, mithramycin, pentamidine, methoxyflurane, 
tetracycline, cephaloridine, streptozotocin, foscarnet, zoledronate, 
cidofovir, adefovir, tenofovir, hydroxyethyl starch, intravenous gamma 
globulin 


Acute tubulonecrosis NSAIDs, aminoglycosides, amphotericin, cyclosporine, sulfonamides, 
cephalosporins, tetracycline, rifampicin, cytotoxic drugs (cisplatin, 
methotrexate, mithramycin, nitrosourea) 


Rhabdomyolysis Lovastatin, ethanol, barbiturates, diazepam, codeine 
(obstructive tubulopathy) 
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(Table ) contd... 


Severe hemolysis Quinine, quinidine, nitrofurantoin, hydralazine, sulfonamides, 

(obstructive tubulopathy) triamterene 

Crystalluria/lithiasis (obstructive | Methotrexate, acyclovir, ganciclovir, indinavir, sulfanilamide 

tubulopathy) 

Ureteral obstruction secondary to | Ergotamine, dihydroergotamine, hydralazine, methyldopa, methysergide, 

retroperitoneal fibrosis pindolol 

Risk of stone formation Simultaneous administration of topiramate (anticonvulsant) and 
acetazolamide (carbonic anhydrase inhibitor) 


Phospholipoidosis mimicking |Chloroquine (antimalarial and antirheumatic effect, antiretroviral in 
Fabry disease patients with HIV infection) 


Neuroleptic/antidepressant drugs (chlorpromazine, lithium) 


Oliguria Neuroleptic/antidepressant drugs (haloperidol, fluphenazine), 
cyclosporine 


Prerenal azotemia (functional | Diuretics, NSAIDs, cyclosporine, ACE inhibitors, hydralazine, calcium 
renal failure) blockers, radiocontrast agents, sulfonamides, interleukin-2, amphotericin 
B, rapamycin, influenza immunization 


Pseudo-elevation of serum levels | Trimethoprim, cimetidine, diuretics (spironolactone, amiloride), 
of urea and creatinine probenecid, triamterene 





Table 9-2. Drug-induced glomerular, interstitial and vascular disorders. Data from references [1 - 10]. 


Glomerular lesions (glomerulopathy) Captopril, NSAIDs, penicillamine, lithium, mefenamate, 
interferon-alpha, gold salts, captopril, NSAIDs, fenoprofen, 
mercury compounds, pamidronate, fenclofenac, tolmetin, 
foscarnet 


Minimal change glomerulonephritis NSAIDs 
Crescentic glomerulonephritis Infliximab, influenza vaccine 


Lupus-like (membranous) Procainamide, hydralazine, isoniazid, penicillamine, gold salts, 
glomerulonephritis serum sickness, mercury compounds, trimethadione, probenecid 
(used for patients with gout) 


Focal and segmental glomerulosclerosis | Pamidronate, cyclosporine, tacrolimus 


Nephritic syndrome or isolated NSAIDs, captopril, interferon-alpha, D-penicillamine 
proteinuria 


Nephrotic syndrome Thyreostatic drugs (perchlorate) 


Acute interstitial nephritis NSAIDs, allopurinol, thiazides, sulfonamides, cephalosporins, 
penicillin, methicillin, cyclosporine, proton pump inhibitors 
(PPIs) 


Chronic interstitial nephritis, Phenacetin, NSAIDs (ibuprofen, phenylbutazone), 
with/without papillary necroses acetaminophen, aspirin, acyclovir, indinavir, lithium 
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(Table 


Immune-mediated interstitial nephritis 


Chronic tubulointerstitial 
nephritis/nephrocalcinosis 


Endothelial lesions, thrombotic 
microangiopathy, thrombotic 
thrombocytopenic purpura — hemolytic 
uremic syndrome 


Vasculitis 


Jung and Gurzu 


Ampicillin, methicillin, penicillin, rifampicin, sulfonamides, 
phenytoin, allopurinol, furosemide, pantoprazole, cephalosporins, 
ciprofloxacin, thiazides, NSAIDs, cytosine arabinoside, 
cimetidine 

NSAIDs, thiazides, lithium, germanium, oral sodium phosphate 
purgative, cephalosporins, tetracyclines, augmentin (amoxicillin 
with clavulanate), sulfonamides analgesics 


Antiangiogenic drugs (e.g., bevacizumab), antiplatelets 
(ticlopidine, clopidogrel, quinine), immunosuppressive drugs 
(cyclosporine, tacrolimus [calcineurin inhibitor], muromonab- 
CD3), antivirals (interferon, valacyclovir), chemotherapeutics 
(mitomycin C, gemcitabine) 


Antibiotics (penicillin), sulfonamides, aspirin, phenylbutazone, 


cytotoxic/immunosuppressive drugs, serum sickness 


Obliterative arteriopathy Cyclosporine, tacrolimus 


Drug-Induced Lesions of the Bladder 





Eosinophilic Cystitis is a drug-induced allergic reaction. It is associated with 
unspecific symptoms, such as gross hematuria, lumbar pain and lower abdominal 
pain. In some cases, it can mimic a bladder cancer. Disseminated intravascular 
coagulation syndrome can also be associated [11]. 


Hemorrhagic Cystitis can be induced by cytotoxic drugs, such as 
cyclophosphamide, or by chemotherapeutics, such as cabazitaxel, used in patients 
with metastatic castration-resistant prostate cancer. The primary clinical symptom 
is gross hematuria with negative urine cytology and culture. The differential 
diagnosis includes tuberculosis and bladder tumors [12, 13]. 


Intravesical Immunotherapy with Bacillus Calmette-Guerin (BCG) for Treatin 
Bladder Cancer can induce storage symptoms such as dysuria, pollakiuria and 
hematuria. These usually emerge after the third BCG administration. Cystitis is a 
common local complication caused by Mycobacterium bovis. Bladder contracture 
is a rare but severe consequence that occurs in 0.05-1% of patients. 
Cystoprostatectomy with orthotopic ileal neobladder reconstruction is sometimes 
necessary in these patients [14]. Other severe complications include ureteral 
obstruction, periurethral diverticulum, orchiepididymitis, multiorgan granulomata 
(prostate, kidney, lung, liver), life-threatening sepsis with disseminated 
mycobacterial infection, reactive arthritis and hypersensitivity reactions [15]. 
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IATROGENIC LESIONS DURING DIAGNOSTIC AND THERAPEUTIC 
PROCEDURES 


Disorders of the Urinary Tract 
Surgery-Related Complications 


The bladder, ureters and urethra can be injured during various types of surgery, 
primarily those involving the retroperitoneum, pelvis and abdominal cavity. 
During gynecological, intestinal and vascular surgeries, ureteral sections or 
clamping and ureterovaginal or uretero-uterine fistulae can occur. The terminal 
ureter is the most commonly damaged [16]. During hysterectomy, bladder injuries 
are reported in 0.3-6% of cases and urethral lesions in 0.2-7.3%. Caesarean 
sections are associated with bladder lesions in fewer than 0.3% of cases [17]. 


Iatrogenic lumbosacral spinal cord lesions are followed by upper urinary tract 
deterioration in more than 65% of cases [18]. Later complications include risk of 
bladder stone formation and bladder cancer [19]. In one of our cases, involving a 
diabetic male, a spinal injury induced paralysis and urinary retention. He survived 
for 15 years following the injury. At his autopsy, necrosis of the penis and huge 
bladder stones were found. 


Postoperative rhabdomyolysis with myoglobinuria and obstructive tubulopathy 
has been reported following urological, bariatric and orthopedic interventions [20 
- 22], and as a consequence of thoraco-abdominal aortic repair [23]. 


Suture of the ureters can be accompanied by vascular damage. For example, in 
one case, a pelvic surgery complicated by an accidental injury of the right ureter 
sutured with an end-to-end anastomosis was followed by massive hematuria two 
months after surgery. This was caused by the rupture of a pseudoaneurysm of the 
abdominal aorta that was periprocedurally formed below the renal vessels [24]. 


General/rachidian anesthesia can induce hypovolemia and oliguria (<0.5 ml 
urine/kg/hour). 


Endoscopic Examination of the Urinary Tract 


This is a safety procedure that can be followed by mucosal damage, hemorrhages 
and perforations of the urinary tract. These consequences can lead to the 
formation of periurethral phlegmon/abscess, ureterovaginal or uretero-uterine 
fistulae and peritonitis. The risk of infections is higher for diabetics and patients 
with low immunity. In diabetics with associated Klebsiella infection, an 
emphysematous periurethral abscess can emerge [25]. 
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Urethral Catheter-Related Lesions 


Indwelling urethral and suprapubic catheterization can induce upper urinary tract 
injuries with hematuria, urinary tract infections and catheter obstruction [18]. 
Misplacement of the catheter can lead to bleeding at the urethral meatus, high- 
riding (nonpalpable) prostate, perineal hematoma, perforation of the small bowel 
and enterocutaneous fistulae. Intestinal resection is necessary in such cases [26]. 
Bladder perforation is the most severe complication of catheterization, is more 
common in infants and can lead to deadly peritonitis [27]. Later complications are 
more common in older and male patients, and can include iatrogenic hypospadias, 
chronic infections, urethral diverticulum, bladder stone formation and risk of 
bladder cancer [19, 28, 29]. 


Transurethral Resection (TUR) 


Resection of a bladder tumor can be followed by bladder perforation with further 
urinary ascites and pseudo-renal failure with elevated creatinine [30]. Following 
tumor resection, intravesical therapy with BCG can induce renal tuberculosis [31]. 


In patients with prostatic hyperplasia, the most common post-TUR complications 
are urinary infections, urethral stricture and TUR syndrome (transient 
hypotension, hyponatremia and anuria). Urinary incontinence and bladder neck 
contracture can also occur [32, 33]. 


Renal Biopsy and Nephrectomy 


Ultrasonographic-guided Percutaneous Renal Biopsy is followed by vascular 
injuries with macroscopic hematuria in 3.5% of patients. The renal artery and, 


more rarely, the aorta, lumbar artery, superior mesenteric artery and left colic 
artery can be injured. However, most lesions do not have clinical implications. 
Transfusion is necessary in 0.9% of patients with vascular injuries and 
reinterventions are required in just 0.6% of cases. The main complications are 
arteriovenous fistulae and pseudoaneurysms of the injured arteries (1-2%). 
Perirenal or retroperitoneal hematomas are seen in 17% of cases. The risk of 
bleeding is higher for patients with acute kidney injury and high creatinine serum 
levels, as well as in cases of large bore needle use [34]. 


Radical Nephrectomy can be followed by chylous ascites, with about 35 cases 
having been reported by 2008 [35]. This lesion can also be a consequence of 
pelvic irradiation for tumors [36]. 


Sclerotherapy of Simple Renal Cysts is not associated with significant 


complications. Although uncommon, sclerotherapy-induced renal cell carcinoma 
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has been reported [37]. 


Complications of Hemodialysis And Peritoneal Dialysis 


Catheter-Related Complications 


The most common complications are infections, catheter dysfunctions 
(thrombosis, malposition or kinking, and fibrin shell formation), vascular access 
disorders and central vein stenosis. According to Wang et al., the risk of infection 
is directly correlated with increased age, diabetes, low serum albumin and high 
ferritin levels [38]. In children, peritoneal dialysis is usually preferred, and 
catheter-related complications include catheter loss with further intra-abdominal 
injuries, mechanical flow dysfunction (blockage/kinking of the tube or tip 
migration), infections (peritonitis, sepsis), bleeding and hernia of the abdominal 
wall [39]. 


Complications in End-Stage Renal Disease 


In patients with chronic dialysis and persistent renal failure, the consequences are 
uremia-related. In one of our cases, a 27-year-old male with rejection of the 
transplanted kidney, who underwent hemodialysis for three years, was 
hospitalized with high serum levels of urea and severe cardiorespiratory failure. 
At autopsy, uremia-induced fibrinous pericarditis and bilateral pleuritis were 
found (Fig. 9-2). Renal failure-induced secondary hyperparathyroidism has been 
reported in patients undergoing hemodialysis with a median duration of 122 
months. In drug-resistant cases, subtotal parathyroidectomy is indicated [40]. 





Fig. (9-2). The features of fibrinous pericarditis (A, B) and pleuritis (C) in a patient with chronic renal 
failure. He underwent hemodialysis for three years. 


Peritonitis 


This is an uncommon lesion in patients undergoing chronic peritoneal dialysis. It 
is more commonly reported in children and can present in several forms [39, 41, 
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42]: 


Infective Peritonitis is a lesion induced by Staphylococcus aureus and can be 
catheter-related. In 10-20% of patients, relapsing peritonitis has been noted at four 
weeks after completion of antibiotherapy, especially in cases of chronic use of 
systemic antibiotics. 


Eosinophilic Peritonitis is characterized by the presence of more than 100 white 
cells/mL with >10% eosinophils in the peritoneal fluid. It can be a spontaneously 
reversed or chronic lesion. 


Sclerosing Peritonitis with subsequent ileal obstruction occurs in 0.9-7.3% of 
patients. The main risk factors are the duration of hemodialysis and recurrent 
peritonitis. 


Culture-Negative or Aseptic Peritonitis accounts for 5-20% of hemodialysis- 
related peritonitis. It can be caused by fungi, mycobacteria or non-infective 
factors, such as drugs or tumors. 


Lesions of the Gastric Mucosa 


Mucosal hyperplasia (gastric parietal, G-cells and Brunner’s duodenal glands) is 
induced by hemodialysis-related hypergastrinemia and hyperchlorhydria [4, 43]. 
Hemodialysis-induced GAVE syndrome can lead to upper GI bleeding [44]. 


Splenic Rupture 


Splenic rupture is reported in patients using heparin during hemodialysis and in 
patients with uremic coagulopathy (hyperuricemia increases platelet adhesion), 
infections and secondary amyloidosis. The occurrence of hemoperitoneum calls 
for emergency splenectomy [45]. 


Spontaneous Retroperitoneal Hemorrhage 


This is an exceedingly rare but life-threatening complication of peritoneal dialysis 
that can emerge in patients with polycystic kidneys as a result of rupture of a renal 
cyst [45, 46]. 


Systemic Amyloidosis 


This condition is primarily reported in patients undergoing long-term dialysis. 
Renal failure, hematuria and carpal tunnel syndrome (compression of the median 
nerve) are the most common complications, affecting 1-2% of patients [47, 48]. 
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Renal Malignancy 


In patients with polycystic kidneys and undergoing long-term dialysis, malignant 
transformation has been infrequently reported [46]. 
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CHAPTER 10 


Iatrogenic Pathology of the Female Genital System 
and Breast 


Ioan Jung, Simona Gurzu’ and Sabin Turdean 
Department of Pathology, University of Medicine and Pharmacy, Tirgu-Mures, Romania 


Abstract: The female genital system and breast can be injured by drugs or during 
diagnostic and/or therapeutic interventions. Drug-induced lesions of the female 
genitalia primarily involve contact dermatitis and fixed drug eruptions. Galactorrhea 
can be caused by several drugs, including neuroleptics and antihypertensive agents. In 
females with breast cancer, tamoxifen can induce endometrial hyperplasia and 
transformation into carcinoma. Diagnostic and therapeutic procedures rarely lead to 
severe complications, but such complications are specific and require knowledge for 
clinicians. The final section of this chapter is reserved for specific lesions related to 
pregnancy and the effects of the intrauterine environment on newborns. 


Keywords: Adverse drug reaction, Allergy, Breast, Dermatitis, Endocervical 
hyperplasia, Endometrial atrophy, Endometrial hyperplasia, Female genitalia, 
Fixed drug eruption, Galactorrhea, Genital system, Iatrogenic, Newborn, 
Pregnancy, Urticaria. 


DRUG-INDUCED LESIONS 


Lesions of the Female Genitalia 


These lesions are local injuries produced by gels, creams and topical antiseptics, 
as well as lesions secondary to the systemic administration of drugs. 


Iatrogenic Contact Dermatitis And/Or Urticaria is the most common local 
injury of the female genitalia and is produced through type IV hypersensitivity 
reaction. It can be induced by topical agents, a patient’s latex allergy, 
methylisothiazolinone, ete. [1]. 


Genital Fixed Drug Eruptions represent recurrent, well-defined lesions 
appearing on the external genital organs each time the responsible drug is taken. 
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They may be related to oral or systemic administration of several drugs (Table 
10-1). Genital ulcers can be associated [1 - 5]. 


Gonadotropin-Releasing Hormone (GnRH) Agonists are used to 
preoperatively shrink leiomyomas, to control bleeding and for patients with 
contraindications for myomectomy. These drugs induce several side effects, 
including the climacteric effect. To avoid these effects, other combinations are 
introduced in daily practice. Administration of combined oral contraceptives, 
progestins- or levonorgestrel-releasing intrauterine devices (IUDs) have proven to 
be appropriate for bleeding control but not for quick and significant fibroids 
shrinkage. A new selective progesterone receptor modulator is ulipristal acetate 
(UPA), which induces amenorrhea and seems to cause long-term shrinkage of 
leiomyomas [6]. 


Other female genitalia-related ADRs are presented in Chapter 18. 


Table 10-1. Female genitalia-related ADRs. Data from references [1-6]. 


Genital fixed drug eruptions Antifungals (ketoconazole), antiparasitic agents 
(metronidazole, miconazole) quinine, antibacterial 
sulfonamides, NSAIDs (ibuprofen), antimalarial drugs, 
antibiotics (amoxicillin), antihistamines, steroids, etc. 


Genital ulcers NSAIDs, antimalarials, ACE inhibitors, beta blockers, 
lithium, salicylates, corticosteroids, tyrosine kinase 
inhibitors (e.g., sunitinib) 


Hypermenorrhea Neuroleptics/antidepressant drugs (reserpine) 


Amenorrhea, low prolactin levels Antiemetics, neuroleptics/tricyclic antidepressants 
(haloperidol, chlorpromazine, sulpiride), cytotoxic drugs 
(cyclophosphamide) 


Time-dependent amenorrhea (more than three Ulipristal acetate (UPA, a progesterone receptor 
months of daily use) modulator used to preoperatively shrink symptomatic 
leiomyomas) 


Fungal infections (vulvovaginitis) Immunosuppressive drugs, corticosteroids, antibiotics 


Endocervical hyperplasia, endometrial atrophy, | Contraceptive pills, progesterone (gestagens) 
uterine hemorrhages, anovulatory infertility and 
virilization 


Endometrial hyperplasia/adenocarcinoma, Estrogens, tamoxifen 
anovulatory infertility, increased risk of 
thrombosis and breast cancer 


Ovarian hyperstimulation syndrome, multiple Gonadotropin 
gestation, ectopic pregnancy, adnexal torsion, 
hemoperitoneum 
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Lesions of the Breast 


The most common drug-induced lesions of the breast are galactorrhea, lactation 
abnormalities and necroses (Table 10-2). 


Table 10-2. Drug-induced lesions of the breast. Data from references [1-6]. 


Neuroleptic drugs, contraceptive pills, antihypertensive agents, antiemetics 


Lactation abnormalities Antiemetics, antipsychotics, tricyclic antidepressants 
Breast hemorrhagic necrosis | Anticoagulants 
Breast tenderness Gonadotropin 





IATROGENIC LESIONS DURING DIAGNOSTIC AND THERAPEUTIC 
PROCEDURES 


Non-Surgical or Minimally Invasive Procedures 


Endoscopic Examinations can be followed, though rarely, by local hemorrhages 
and/or ascending infections [7]. 


Hysterosalpingography can be associated with contrast agent-related 
complications. Such substances can initiate an allergy or can induce 
granulomatous salpingitis or peritonitis [8]. 


Contraceptive IUDs can induce several complications, such as acute/chronic 
endometritis, cervicitis, vaginitis, tubo-ovarian abscess with subsequent ectopic 
pregnancy, pelvic actinomycosis, endometrial atrophy/fibrosis, endometrial 
carcinoma, etc. [7]. 


Curettage of the Intrauterine Cavity (after delivery, abortion or tumor removal) 
can be followed by infections (endomyometritis), Asherman’s syndrome (trauma- 
related endometrial atrophy, hypo-/amenorrhea, sterility), etc. [9]. 


Uterine Artery Embolization is performed in patients with leiomyomas and can 
be complicated by Asherman’s syndrome. It can also be followed by formation of 
intrauterine fibrous membranes; the outcome of hysteroscopic adhesiolysis is 
worse in females with Asherman’s syndrome [9]. Other complications are 
infections, necrosis, ovarian insufficiency and premature menopause (amenorrhea, 
high follicle stimulating hormone [FSH] levels) [10]. 
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Lesions of the Breast — Excisional Biopsy can be associated with hemorrhages, 
necroses and formation of lipogranulomas [8]. 


Surgical Interventions 


Hysterectomy can be accompanied by injuries of the bladder, ureters (especially 
the terminal ureter) and/or urethra. Vesico-vaginal/ureterovaginal fistulae, 
hematuria, nosocomial infections and surgical wound dehiscence with presence of 
urine in the wound can also occur. Other possible consequences are scar 
endometriosis (1.08-2% of cases) and unusual formation of bladder stones 
incorporating surgical threads. Other organs, such as the intestine and peripheral 
nerves, can also be damaged [11 - 15]. Radical surgery for uterine or ovarian 
tumors that involve hysterectomy and extended lymph node dissection can induce 
chylous ascites [16, 17]. 


Myomectomy can be followed by hemorrhages that are more common in females 
with huge or multiple leiomyomas. Periprocedural formation of uterine 
diverticulum can induce abnormal uterine bleeding, pelvic pain, dysmenorrhea 
and adverse obstetric events [18]. 


Breast Reconstruction With Silicone Implants can be complicated by pain, 
hypo-/hypersensitivity of the breast/nipple, purulent/granulomatous inflamma- 
tions, infections (Staphylococcus aureus, Candida albicans, Curvularia species, 
Aspergillus niger, mycobacteria, Clostridium perfringens, etc.), hemorrhages, 
formation of peri-implant seroma, implant displacement, asymmetry, wrinkling, 
rupture, capsular contracture, difficulty in breastfeeding and malignant 
transformation (T-cell lymphoma). In June 2013, the FDA approved implants for 
breast reconstruction in women of any age, but their use for breast augmentation 
was approved only for women at least 18 years of age (for saline implants) or 22 
(for silicone gel-filled implants) [19, 20]. This intervention can be followed by 
migration of the silicone particles into the lymph nodes, inducing foreign body 
granuloma formation (siliconoma) [21]. Silicone implants-related hypersensitivity 
reactions can induce, rarely, a systemic disorder similar to Sjogren's syndrome or 
scleroderma [22, 23]. 


IATROGENIC LESIONS DURING PREGNANCY 


Lesions in Mothers 


Cesarean Sections can be complicated by bladder lesions (0.3%), obstetric 
fistulae (2%), scar endometriosis (0.03-0.4%), venous air or amniotic fluid 
embolism, acute pulmonary edema (0.08%), nosocomial infections, aspiration 
pneumonia, etc. Scar endometriosis is presented as a nodular lesion within or 
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underneath the scar and should be differentiated from desmoid tumors. 
Endometriotic nodules (endometriomas) can be painful during menstruation and 
can present malignant transformation in an endometrial carcinoma or clear cell 
ovarian-type carcinoma. The incidence of labor-related air embolism is higher 
following use of self-collapsible polyvinyl chloride or a polypropylene-based 
intravenous fluid bag. Other risk factors for air embolism are placenta previa, 
previous uterine surgery, hypovolemia, maternal positioning, prolonged labor, 
manual extraction of the placenta, etc. In most cases, the air is absorbed into the 
tissues, without clinical consequences, but rapid entry of 200-300 ml of air or 3-5 
ml/kg can result in significant morbidity and mortality. The main risk factors of 
postpartum pulmonary edema are the administration of tocolytic agents, 
underlying cardiac disease, iatrogenic fluid overload and preeclampsia. Amniotic 
embolism is rare but represents the second most common cause of maternal death. 
It can lead to pulmonary amniotic embolism or induce the onset of DIC [13 - 15, 
24 - 28]. 


Episiotomy/Symphysiotomy can be followed by rupture of the vaginal wall, anal 
canal injury, risk of postoperative fistulae, opportunistic infections (e.g., 
pyoderma gangrenosum), delayed scarring, scar endometriosis, etc. Epidermoid 
cysts can occur as a result of migration of epithelial fragments into connective 
tissue [8, 15, 24, 29, 30]. 


Iatrogenic Spontaneous Abortion or Preterm Delivery can be induced by 
inhalational anesthetics, such as nitrous oxide or halothane. Progesterone 
increases the risk of delivery <14 days and preterm birth <37 weeks [31]. 


Lesions in Newborns 


Intrauterine Environmental Factors such as medical/toxic substances ingested 
by the mother and viral infections, can lead to hepatic lesions in the newborn 
(Table 10-3). 


Radiotherapy performed on the mother during pregnancy can lead to embryo- 
/fetopathy. The potential consequences range from malformations to mental 
retardation and embryonic death [32]. Details regarding fetal-related radiotherapy 
were presented in Chapter 2. 


Fetoscopic Laser Ablative Surgery performed to treat twin-to-twin transfusion 
syndrome, induces iatrogenic premature rupture of membranes in 18.5% of cases 
[33]. 
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Table 10-3. Effects of intrauterine environments upon newborns. Data from references [31-33]. 


Newborn’s disorder Intrauterine environmental factor 
Fetal alcohol syndrome Alcohol consumption of mother 
Veno-occlusive disease Alkaloids 


Risk of hepatoblastoma Alcohol consumption of mother, or occupational exposure of 
mother or father to metals, petroleum products, paints or 


pigments 


Neonatal hepatitis, biliary atresia Rubella, cytomegalovirus (CMV), herpes simplex 


Congenital syphilis, neonatal listeriosis, Treponema pallidum, listeria monocytogenes, Toxoplasma 
gondii 


neonatal toxoplasmosis 


Disorders of osteogenesis Tetracycline 
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CHAPTER 11 
Iatrogenic Pathology of the Male Genital System 


Ioan Jung, Simona Gurzu’ and Sabin Turdean 
Department of Pathology, University of Medicine and Pharmacy, Tirgu-Mures, Romania 


Abstract: Similar to the female genital system, the male genitalia can be injured by 
drugs or during diagnostic and/or therapeutic interventions. The drug-induced lesions 
of the male genitalia that are analyzed in this chapter include contact dermatitis, fixed 
drug eruptions, scrotal blisters and other specific lesions, such as red scrotum syndrome 
and scrotum hemangioma. Iatrogenic functional disorders are also presented in detail. 
The final section of this chapter is dedicated to surgical-related lesions of the male 
genitalia. 


Keywords: Adverse drug reaction, Allergy, Circumcision, Dermatitis, Fixed drug 
eruption, Genital system, Gynecomastia, Hemangioma, Hyperplasia, Iatrogenic, 
Male genitalia, Prostate, Red scrotum syndrome, Urticaria. 


DRUG-INDUCED LESIONS 
Lesions of the External Genitalia 


Local Irritation or Contact Dermatitis may be the result of local application of 
topical agents, such as miconazole [1]. 


Genital Fixed Drug Eruptions with/without genital ulcerations or necroses may 
occur following oral or systemic administration of several drugs (Table 11-1). For 
example, in a 55-year-old man, a scrotal erythematous patch with pruritus was 
reported a few days after receiving miconazole and sulpiride for buccal mycosis. 
Three months later, the patient self-medicated with miconazole gel and the lesion 
reoccurred accompanied by a penile rash. This disappeared after drug cessation [1 
- 6]. 


Scrotal Blisters can be seen in patients with chemotherapy-related hand-foot 
syndrome. Tyrosine kinase inhibitors, such as sorafenib, can be involved in their 
occurrence [7]. 
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Red Scrotum Syndrome is characterized by a burning or itching painful erythema 
of the scrotum and can be a side effect of topical steroids. Under the microscope, 
erythematotelangiectatic rosacea-like lesions can be seen [8]. 


Vitiligo of the penis and scrotum has been reported in males using imiquimod 5% 
cream for HPV-related condylomata accuminata, Bowen’s disease, warts or 
superficial carcinoma [9]. 


Scrotum Hemangioma can develop in patients receiving the multi-targeted 
tyrosine kinase receptor inhibitor sunitinib. This progressively increasing lesion 
occurs approximately 20 days after the third cycle of targeted therapy. Ulceration 
can be associated [10]. 


Isolated Genital Edema is an angioneurotic edema that can occur in patients 
taking ACE inhibitors or other drugs [11]. Iatrogenic scrotal edema is especially 
frequently reported in children as a result of perfusion-related hyperhydration 
(Fig. 11-1) or in patients with poorly controlled diabetes following administration 
of insulin [12]. 





Fig. (11-1). Hyperhydration-related scrotal edema. 
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Functional Disorders and Hormone-Induced Lesions 


Hypogonadism with Aspermia and Sterility can be produced by several drugs 
(Table 11-1) and is difficult to differentiate from primary hypogonadism [13]. 


Sexual Dysfunctions can occur in patients taking antihypertensive drugs (e.g., 
guanethidine) or psychotropics. These dysfunctions include diminished libido, 
delayed orgasm, ejaculatory disturbances (especially in the case of 
antipsychotics), gynecomastia, impotence (especially when taking 
antihypertensives) and priapism (Table 11-1). Guanethidine inhibits prostate 
sperm production [14, 15]. Male infertility/germ cells apoptosis can also be 
caused, in a dose-dependent manner, by cytotoxic agents such as 
cyclophosphamide [16]. 


Estrogen-Induced Disorders relate to inhibition of gonadotropin release from the 
hypothalamus. This can lead to testicular atrophy, decreased libido and gyneco- 
mastia. Under the microscope, progressive disappearance of spermatogonia and 
Leydig cells is characteristic. This is a reversible lesion (following drug cessation) 
but fibrosis of the seminiferous tubules can emerge [13]. 


Antiandrogens-Induced Disorders also relate to impairment of the hypo- 
thalamic-pituitary-testicular axis. Transient sexual dysfunctions are common, but 
testicular atrophy, gynecomastia and cardiovascular lesions are more rare than 
following estrogen use [13, 17]. Details regarding these drugs are presented in 
Chapter 15. 


Gynecomastia can be induced by more than 55 drugs/drug groups (Table 11-1) 
and 10-20% of all cases are drug-induced [18 - 21]. 


Table 11-1. Drug-induced lesions of the male genitalia and breast. Data from references [1 - 25]. 
Genital fixed drug eruptions | Antifungals (ketoconazole), antiparasitic agents (metronidazole, miconazole) 


quinine, sulfonamides, NSAIDs (ibuprofen), antimalarials, antibiotics 
(amoxicillin), antihistamines, steroids 


Genital ulcers/necroses NSAIDs, antimalarials, ACE inhibitors, beta blockers, lithium, salicylates, 
steroids, trans-retinoic acid, vasoconstrictors (terlipressin), tyrosine kinase 


inhibitors (e.g., sunitinib), mTOR inhibitors 


Isolated genital edema ACE inhibitors 


Suppression of testicular Antiandrogens, estrogens, cimetidine, cytotoxic drugs (cyclophosphamide), 
function (aspermia, beta blockers, antiarrhythmic drugs, digitalis, spironolactone (aldactone), 
hypogonadism, ejaculatory |phenothiazine, salazosulfapyridine, reserpine, guanethidine, psychotropics, 
dysfunctions) steroids, isoniazid 
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(Table ) contd..... 


Antihypertensives (methyldopa, guanethidine, clonidine, propranolol) 


Hyperprolactinemia with Neuroleptics, antihypertensives, antiemetics, estrogens, antiandrogens 
decreased libido and erectile 
dysfunction 


Prostate hyperplasia Estrogens, antiandrogens, anabolic androgenic steroids 





Gynecomastia ACE inhibitors (captopril, enalapril), amiodarone, calcium channel blockers 
(amlodipine), anabolic steroids (e.g., fluoxymesterone), androgen hormone 
inhibitors (finasteride, cyproterone acetate), atorvastatin, benserazide, beta 
blockers (nebivolol), cimetidine, cladribine, cytotoxic drugs, cyclosporine, 
dasatinib, diazepam, didanosine, diethylpropion, digoxin, diltiazem, 
domperidone, D-penicillamine, estrogens, etretinate, efavirenz (HIV), 
fenofibrate, finasteride, fluorenone, fluoxetine, gabapentin, H1- 
antihistamines (ebastine), highly active retroviral therapy, imatinib, indinavir, 
isoniazid, ketoconazole, Marinol, methotrexate, metronidazole, nettle, 
nifedipine, omeprazole, paroxetine, phenytoin, pregabalin, ranitidine, 
reserpine, rosuvastatin, saquinavir, spironolactone, stavudine, sulindac, 
sulpiride, sunitinib, tandospirone, thalidomide, theophylline, tricyclic 
antidepressants, tuberculostatics (ethionamide), venlafaxine, verapamil, 
vincristine 


Drug Effects on Spermatogenesis and Sperm Function 


Many drugs can directly inhibit sperm or testicular function or indirectly affect 
spermatogenesis and sperm function by inhibiting the hypothalamic-testicular axis 
[17]. For sperm donation, it is necessary to be able to identify the drugs released 
through semen. For example, vismodegib, which is used for metastatic basal cell 
carcinoma and other solid malignancies, are detectable in blood and semen and 
patients cannot donate semen during treatment or within three months following 
the final dose of treatment [22]. 


Semen quality can also be impacted by several drugs, including antiepileptics. Of 
this group, carbamazepine and valproate affect sperm function, while lamotrigine 
does not. Sperm concentration, viability, motility and morphology are especially 
affected by valproate. Carbamazepine does not modify quantity, but 
concentration, progressive motility, motile/functional sperm count and 
morphology are impacted [23, 24]. 


The histamine-2 receptor antagonists, especially cimetidine, have also been 
proven to influence semen quality. Ranitidine and nizatidine rarely affect sperm 
function, while famotidine does not change semen parameters [25]. 


Lesions of the Prostate 


These lesions can be produced by androgenic anabolic steroids or estrogens. 
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Androgenic steroids can increase the severity of prostate hyperplasia and can be a 
risk factor for prostate carcinoma. Estrogens can induce prostate infarction and 
squamous metaplasia [13]. 


IATROGENIC LESIONS DURING DIAGNOSTIC AND THERAPEUTIC 
PROCEDURES 


Urethral Injuries can occur following urethral catheterization, cystourethro- 
scopy and transurethral resection (TUR). Urethroplasty can be followed by 
bleeding, fistulae, wound dehiscence, hematoma, scrotal abscess, epididymitis, 
penile injuries (edema, numbness, skin ischemia), urosepsis, rectal injury, etc. 
[26]. 


Endoscopic Examination can be followed by hemorrhages, ascending 
infections, perforation of the urinary tract, fistulae and peritonitis. Special 
attention should be paid to diabetics and patients with low immunity. In diabetics, 
Klebsiella infection increases the risk of emphysematous prostatic abscess [27]. 


Transurethral Resection of the Prostate (TUR-P) is a relatively safe procedure 
with a complication rate of approximately 11%, increasing in patients with 
hyperplastic glands greater than 80 grams in size. The most common 
complications are hemorrhages, ascending infections, urethral stricture and TUR- 
P syndrome (acute salt and water retention). Urinary incontinence, bladder neck 
contracture, thrombosis and embolism are infrequently reported. Such 
complications are most frequent following monopolar as compared to bipolar 
TUR-P. Reoperation is necessary in 5% of cases and transfusions are required in 
3%. The seeding of prostate cancer along a needle biopsy track is a rare but 
possible complication. Retrograde ejaculation occurs in half of patients. Patients’ 
libidos and erections are not impacted [28 - 30]. 


Laparoscopic Radical or Robotic Prostatectomy can be followed by erectile 
dysfunctions, which can, in turn, be resolved via a minimally invasive infrapubic 
inflatable penile prosthesis implant [31]. However, laparoscopic resection of the 
prostate is the preferred method for large glands, with a lower complication rate 
and shorter catheterization time as compared to open prostatectomy [28, 29]. 


Testicular Biopsy has a low complication rate regarding hemorrhages, orchitis 
and periorchitis [13]. 


Orchiectomy can be accompanied by inflammation, pain, sexual dysfunctions 
(decreased libido, impotence), hot flashes, gynecomastia, osteoporosis 
(hyperestrogenism), fatigue, weight gain, muscular atrophy (decreasing number of 
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ribosomes), depression, etc. Retroperitoneal lymph node dissection for testicular 
cancer can be associated with chylous ascites [32 - 34]. 


Circumcision is associated with a very low complication rate (0.2-0.6%). 
Bleeding, urethral lesions (fistulae, stricture of the meatus, iatrogenic 
hypospadias), wound infection, septicemia, hydrocele, and scrotal and lower limb 
lymphedema (especially in elderly patients with preexisting circulatory disorders) 
are the most common complications. Penile lesions refer, in adults, to pseudo- 
elephantiasis or giant elephantiasis. In children, radical circumcision can be 
followed by excessive penile skin denudation and the formation of circumferential 
scar tissue that pulls the penis proximally. This can lead to secondary phimosis, 
recurrent balanitis, voiding problems, sexual dysfunctions and social 
embarrassment. The most serious complication of neonatal circumcision is partial 
or complete glans amputation. The glans can be reattached in the first eight hours 
following amputation, but the risk of fistulae formation is a serious concern. In 
adults with neglected postoperative wound infections, chronic inflammation can 
lead to transformation into squamous cell carcinoma of the penis. Penile cancer 
surgery can be complicated by glans amputation [35 - 38]. 


Hypospadias Surgery is an intervention for which the complication rate depends 
on the age of the patient at surgery (the age recommended by the American 
Academy of Pediatrics is between six and 12 months), type of hypospadias, width 
of the urethral plate, type of stitch used for urethroplasty, surgical technique and 
type of urethral stent. Between 20% and 30% of patients undergoing this surgery 
present postoperative complications, such as urethrocutaneous fistulae, dehiscence 
of the neourethra and meatal disorders (stenosis, retraction and formation of 
urethral diverticulum) [39, 40]. 


Postoperative Genital Lymphedema is reported following biopsy or dissection 
of inguinal nodes and as a complication of aortobifemoral bypass grafting. Its 
manifestations are genitalia heaviness, hydrocele, preputial swelling, micturition 
disturbances and leakage of lymphatic fluid. Lower limb lymphedema 
with/without erysipelas can also be associated [41]. 


Iatrogenic Priapism can be induced by intracavernosal injection of vasoactive 
agents, such as alprostadil, that are used for diagnostic purposes or to treat erectile 
dysfunctions [42]. 


Hernia Repair Surgery can be complicated by damage to the 
femoral/epigastric/spermatic vessels. “Corona mortis” is an anatomical variant 
characterized by the presence of an anastomosis between the obturator and the 
external iliac or inferior epigastric arteries or veins, located behind the superior 
pubic ramus at a variable distance from the symphysis pubis. This can be 
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accidentally cut and a severe hemorrhage with difficult hemostasis can occur. 
Other organs and structures, such as the bladder, testes, intestine and liver, can 
also be damaged. Postoperatively, wound infections, testicular edema, atrophy or 
necrosis, intestinal fistulae/ileus and formation of foreign body granulomas 
(involving surgical thread, mesh) are the most common complications [43]. 
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CHAPTER 12 


Iatrogenic Pathology of Bone Marrow and 
Lymphoid Tissue 


Simona Gurzu' and Ioan Jung 
Department of Pathology, University of Medicine and Pharmacy, Tirgu-Mures, Romania 


Abstract: Bone marrow and lymphoid tissue can be damaged by medications or 
radiation and are particularly susceptible to injury in bone marrow transplant recipients. 
Iatrogenic bone marrow suppression is a common in-hospital complication, the 
therapeutic management of which is difficult. In patients with cancer, aggressive 
treatment usually induces bone marrow damage, but this can be prevented using 
specific colony-stimulating factors. Heparin-induced thrombocytopenia is a distinct 
lesion with unusual clinical features. Its two types of manifestation are presented in this 
chapter, together with other lymphoid tissue-specific iatrogenic disorders. 


Keywords: Adverse drug reaction, Bone marrow, Chemotherapeutics, Iatrogenic, 
Infection, Lymphoid tissue, Radiation, Sepsis, Thrombocytopenia, Thrombo- 
cytosis, Thromboembolism, Thrombosis, Transplant. 


INTRODUCTION 


Iatrogenic lesions of the bone marrow are primarily induced by medications, 
radiation and drugs that are administered before bone marrow transplantation. 
These can also be complications of diagnostic and therapeutic procedures 
(lymphography, silicone implant, efc.). 


DRUG-INDUCED LESIONS 


Similar to other organs and systems, drug-induced lesions of the bone marrow 
occur as a result of direct toxicity, immune mechanisms or idiosyncrasy. The most 
common ADR is bone marrow suppression and subsequent granulocytopenia, 
aplastic anemia, thrombocytopenia or pancytopenia. Thrombocytopenia and 
hemolytic anemia can emerge through immune-mediated formation of 
antiplatelets antibodies. 
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Suppression of Hematopoiesis 


Drug-induced bone marrow suppression is histologically characterized by 
hypoplasia, aplasia, panmyelophthisis or myelofibrosis (atrophy of bone marrow 
hematopoietic tissue and its replacement with connective tissue). The specific 
drug-related side effects are presented in Table 12-1. 


Chloramphenicol is the main drug known to induce myelotoxicity, which is more 
pronounced in the erythroid series. In most patients, this involves a dose-related 
anemia with reticulocytopenia, decreased erythrocytes and erythrocytes precursors 
production, infrequent leukopenia and thrombocytopenia. This effect is reversible 
and occurs during treatment. The erythroid cell precursors decrease until the first 
day of treatment and begin to regenerate from the seventh day of treatment. Dose- 
independent erythropoiesis inhibition leads to aplastic anemia. This reaction is 
reported in 1:24,000-1:40,000 of users, occurs within weeks or months of 
treatment and is often irreversible. Chloramphenicol also inhibits ribosomal 
protein synthesis [1, 2]. 


Phenylbutazone is the second drug known to demonstrate dose- and time- 
dependent myelotoxicity. This drug, which is primarily used to treat pain and 
fever in horses and was historically prescribed in sports medicine, is no longer 
available in the United States. Phenylbutazone-related myelotoxicity primarily 
refers to the inhibition of granulocytopoiesis, but myelophthisis and aplastic 
anemia can also be induced. Regarding its role in carcinogen-inducing blood 
dyscrasia, it has been proven that the cytogenetic effect is possible only in 
extremely high doses and phenylbutazone is thus not considered a carcinogenic 
substance in humans [3 - 5]. 


Chemotherapeutics induce dose-related leukopenia, emerging after the first or 
second cycle of administration. Thrombocytopenia and aplastic anemia can also 
be induced. The combination of chemotherapeutic drugs increases the risk of 
leukopenia and bone marrow aplasia with subsequent risk of infections, sepsis, 
hemorrhages, efc. (Fig. 12-1). For example, the combination of paclitaxel and 
carboplatin induces anemia and neutropenia in about half of patients. Despite this, 
grade 3-4 toxicity occurs in fewer than 15% of such patients and can be prevented 
through administration of granulocyte colony-stimulating factor. Due to the fact 
that cisplatin is highly myelotoxic, there is a tendency to use carboplatin instead 
[1, 6]. 
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Fig. (12-1). Spleen mycotic granulomas in an immunosuppressed patient. 


Antithyroid (thyreostatic) Drugs can produce leukopenia and, more rarely, 
anemia, thrombocytopenia, agranulocytosis (0.25-1.75% of patients) and 
myelophthisis. The side effects can be dose-dependent or induced through 
idiosyncrasy [7, 8]. 


Anticonvulsant/antiepileptic Drugs can induce myelotoxicity, but this dose- and 
time-dependent side effect is rare. Neutropenia, agranulocytosis and 
panmyelopathy have also been reported. The most common consequences are 
opportunistic infections (e.g., Clostridium difficile) and sepsis [1, 9 - 13]. 


Besides the above-mentioned drugs, myelotoxicity can also be induced by 
heparin, PPIs, antidepressant drugs, etc. Some vitamin K antagonists, such as 
fluindione, can lead to agranulocytosis within one month of the initiation of 
treatment [14]. Azathioprine, used for inflammatory bowel diseases, may induce 
fatal myelotoxicity, even after standard dosing [15]. PPIs can induce 
thrombocytopenia and anemia in a dose-dependent manner [16, 17]. 


Antidepressant selective serotonin reuptake inhibitors, such as sertraline, can 
cause coagulation abnormalities [18]. 


Drug-Induced Hemolytic Anemia is uncommon in daily practice, but its 
incidence has increased in recent years as a result of the widening therapeutic 
arsenal. It can be produced by several drugs (Table 12-1), including NSAIDs 
(e.g., nimesulide), antibiotics (meropenem, dapsone, efc.), long-term adalimumab 
treatment (in patients with psoriasis), chloramphenicol, nitrofurantoin, 
furazolidone, phenacetin, phenothiazine, salicylates, sulfonamides, etc. [1, 19 - 
21]. Dose-dependent hemolytic anemia is induced by intravenous 
immunoglobulin in fewer than 0.5% of patients [22]. 
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Chemotherapeutics can induce immune-mediated hemolysis. A few cases are 
reported in the literature indicating the risk of hemolytic anemia following 
carboplatin- or paclitaxel-based regimens [23]. 


Thrombocytopenia is a consequence of drug-related myelotoxicity, and can also 
emerge as the result of immune-mediated interaction between drugs and platelets. 
It can be reversible following drug cessation, such as in the case of NSAIDs, or 
persistent after completion of treatment, such as in patients treated with gold salts. 
The most common consequences are hemorrhages and thrombocytopenic purpura 
[1, 19, 24]. 


Several drugs, including antibiotics, NSAIDs and hypolipidemic agents such as 
fenofibrate, can be responsible for immune-mediated thrombocytopenia (Table 
12-1). Some drugs, such as cephalothin and sulfamethoxazole, are bound by the 
platelet membrane, inducing synthesis of antiplatelets antibodies. Other 
substances, such as quinidine or alpha-methyldopamine, induce the formation of 
immune complexes that stimulate intrasplenic destruction of the platelets [1, 19, 
24]. 


Aspirin induces thrombocytopenia through an irreversible inhibition of 
thromboxane synthesis and ADP-mediated platelet aggregation. Sulfinpyrazone, 
penicillin and cephalosporins inhibit platelet adhesion to the subendothelial 
structures. Dipyridamole is a phosphodiesterase inhibitor that inhibits platelet 
aggregation. Dextran inhibits the activity of platelets through their immune- 
mediated interaction with coagulation factor VIII and fibrin polymerization [1, 
25]. 


Heparin-induced thrombocytopenia is a distinct lesion occurring as a rare 
complication of heparin therapy, with unusual clinical features. There are two 
types of this disorder. In some patients, a slight, reversible and asymptomatic 
decrease in the number of platelets can be seen in the first two days of treatment, 
as a result of the direct effect of heparin on platelets. The second type, which is 
also called heparin-induced thrombocytopenia and thrombosis, is rare but 
underrecognized, occurs between four and 10 days after exposure to heparin, and 
is primarily asymptomatic. The mechanism involves the transactivation of 
antibody-mediated platelets by monocytes linked with surface-bound platelet 
factor 4. The result is an aberrant risk of venous or arterial thromboembolism. In 
about 1% of heparin users, immune-mediated arterial and venous thrombosis 
(deep venous thrombosis, pulmonary embolism, myocardial infarction) are noted. 
Type 2 heparin-induced thrombocytopenia and thrombosis should be suspected in 
patients with platelet levels decreased to 50% of their normal value, even if the 
absolute platelet count remains above 150x10°/L. Clinically, such patients can 
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present skin injuries at heparin injection sites or acute systemic reactions [26 - 
31]. In one of our cases, a 63-year-old diabetic female who had undergone surgery 
for an umbilical hernia experienced delayed wound healing, and anticoagulant 
therapy with fraxiparine was thus initiated. After five weeks of treatment, sudden 
death occurred as a result of a massive thromboembolism of the right pulmonary 
artery trunk (Fig. 12-2). All of the coagulation parameters and the serum platelets 
level were within normal limits. 





[j 


Fig. (12-2). Thromboembolism of the right pulmonary artery trunk in a patient receiving heparin-based 
therapy. 


Reactive Thrombocytosis 


Thrombocytosis involves a platelet count of over 450x10° platelets/L. Drug- 
induced thrombocytosis is a rare event that can occur in long-term corticosteroids 
users [32, 33] or induced by antibiotics, such as ceftazidime and amoxicillin with 
clavulanate [34]. It can also be a side effect of the antiviral ribavirin or can occur 
in patients receiving targeted therapy with erlotinib (an anti-EGFR agent used for 
lung and prostate cancer) or ruxolitinib (used in treatment of primary myelo- 
fibrosis and other hematological disorders) [35 - 37]. Transient thrombo- cytosis 
has also been reported in patients taking drugs for psychiatric disorders (e.g., 
clozapine) [38]. In patients with psoriasis, efalizumab therapy can induce 
thrombocytosis [39]. Heparin-related aberrant thrombocytosis is a very rare 
event that has been reported in patients treated with enoxaparin [40]. 


Table 12-1. Drug-induced hematologic abnormalities. 





Aplastic anemia Cytotoxic drugs (e.g., cyclophosphamide, azathioprine, methotrexate), 
phenylbutazone, gold salts, anticonvulsants (hydantoin) 
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(Table 


Hemolytic anemia 


Thrombocytopenia 


Neutropenia/agranulocytosis 


Leukocytosis/leukopenia 


Bone marrow suppression — other 
drugs 


Polycythemia 


Coagulopathy 


Reactive thrombocytosis 


Lymphadenopathy 


Lymphoproliferative disorders 


Splenomegaly 


Sarcoid-like granulomatosis 


Gurzu and Jung 


Methyldopa, penicillin, procainamide, hydralazine, augmentin 
(amoxicillin with clavulanate), meropenem, dapsone, NSAIDs 
(nimesulide), nitrofurantoin, chloramphenicol, adalimumab, serum 
sickness, furazolidone, phenacetin, phenothiazine, carboplatin, 
paclitaxel 


Heparin, dipyridamole, aspirin, thyreostatic drugs, augmentin 
(amoxicillin with clavulanate), penicillin, sulfamethoxazole, 
sulfasalazine, cephalosporins, beta blockers, quinidine, alpha- 
methyldopamine, sulfinpyrazone, local anesthetics, antihistamines, 
antidepressants, corticosteroids, PPIs, NSAIDs (nimesulide, 
phenylbutazone, indomethacin), fenofibrate, gold salts, dextrans, serum 
sickness (thrombotic thrombocytopenic purpura) 


Cytotoxic drugs (cyclophosphamide, cisplatin), phenylbutazone, 
thyreostatic drugs (carbimazole, methimazole, propylthiouracil), 
antiepileptics (carbamazepine, pregabalin, levetiracetam, lamotrigine), 
vitamin K antagonists (fluindione) 


Neuroleptic/antidepressant drugs (imipramine, haloperidol, benperidol, 
lithium), augmentin (amoxicillin with clavulanate), thyreostatic drugs, 
cytotoxic drugs (cisplatin, carboplatin, paclitaxel, cabazitaxel) 


Cytotoxic drugs, immunosuppressive drugs (azathioprine), 
sulfonamides, antidiabetics, analgesics, etc. 


Hematopoietic growth factors (dose-dependent effect) 


Colloid expanders, antidepressants (sertraline) 


Corticosteroids, augmentin (amoxicillin with clavulanate), ceftazidime, 
ciprofloxacin, antifungal agents, ribavirin, erlotinib, ruxolitinib, 
clozapine, heparin, efalizumab 


Serum sickness, antiepileptic drugs (phenytoin, phenobarbital, 
carbamazepine), cytotoxic drugs, corticosteroids, sulfonamides, 
metronidazole, minocycline, allopurinol, antivirals (nevirapine, 
abacavir), polyvinylpyrrolidone 


Corticosteroids, azathioprine, methotrexate, cyclosporine, 
anticonvulsants, antidepressants, tamoxifen, amlodipine, dapsone, ACE 
inhibitors 


Serum sickness 


TNF-a blockers (adalimumab, ipilimumab, etanercept), interferon, 
vildagliptin, cancer vaccines 





Disorders of the Lymphatic System 


Lymphadenopathy can be a side effect of several drugs (Table 12-1) but is 
primarily associated with the consumption of anticonvulsants (phenytoin, 
phenobarbital, carbamazepine). It can be accompanied by cutaneous rash, gingival 


Iatrogenic Pathology of Bone Marrow Textbook of Iatrogenic Pathology 183 


hyperplasia and bone marrow suppression, and primarily involves the cervical 
nodes, though generalized lymphadenopathy has also been noted. Under the 
microscope, normal lymph node architecture is replaced by the proliferation of 
reticulocytes and histiocytes, mixed with inflammatory infiltrate (neutrophils, 
plasmocytes and eosinophils), and necrotic and fibrotic areas. Noncaseating 
granulomatous lymphadenitis can also be observed. Differential diagnosis should 
take into account the infectious mononucleosis and angioimmunoblastic, as well 
as Hodgkin’s lymphomas. Other substances, such as plasma expanders (e.g., 
polyvinylpyrrolidone) or contrast agents (Fig. 12-3), can be stored in the lymph 
nodes and induce formation of foreign body granulomas [1, 41, 42]. 





Fig. (12-3). Contrast agent stored in the perirectal lymph nodes after a contrast agent-based MRI scan. 


Vaccine-Related Lesions of the Lymph Nodes are frequently reported after BCG 
vaccination. In most cases, asymptomatic lymphadenopathy is noted. The axillar, 
supraclavicular and inguinal lymph nodes can be involved. In infants receiving 
the vaccine a short time after birth, lymphadenopathy can be more pronounced. 
Accumulation of a large amount of caseous necrosis can initiate fistulae 
formation. Tuberculous granulomas can occur within between two and four 
months of BCG vaccination. In immunosuppressed patients, disseminated 
tuberculosis can emerge [1, 43]. 


Intranodal Necrosis accompanied by fibrotic areas and infrequent reticulocytes 
hyperplasia is a common lesion induced by chemotherapeutics [1]. 


Atrophy of Lymphatic Tissue can be induced by corticosteroids. Compensatory 
hyperplasia of macrophages is usually associated [1]. Thymus atrophy can be 
induced by cyclophosphamide [44]. 
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Hyperplasia of the Splenic Germinal Centers and an increasing number of IgG- 
positive plasma cells in the splenic red pulp has been reported in experimental 
studies in animals treated with antithyroid drugs for 14 days [8]. 


Sarcoid-Like Granulomatosis can emerge in the cervical/axilar lymph nodes and 
in the bone marrow, with or without pulmonary involvement, months after 
administration of TNF-a blockers [45, 46], but also after vildagliptin, a 
lymphocyte inhibitor used in patients receiving hemodialysis [47]. 


Pseudolymphomas can be induced by anticonvulsants, antidepressants, 
cyclosporine, tamoxifen, amlodipine, dapsone and ACE inhibitors. Phenytoin- 
induced pseudolymphomas are usually T-cell predominant, involve the skin, and 
can mimic mycosis fungoides. B-cell lymphoproliferative disorders are primarily 
associated with antidepressants [48, 49]. 


IATROGENIC LESIONS DURING DIAGNOSTIC AND THERAPEUTIC 
PROCEDURES 


Lymphography is a safety technique used extensively with a relatively low rate 
of complications. In oil-based lymphography, oleogranuloma formation in the 
lymph nodes can lead to intranodal hyalinization or reactive histiocytosis, usually 
without clinical impact. Differential diagnosis should consider Whipple’s disease, 
sarcoid-like granulomatosis and idiopathic lipogranulomatosis [1, 45, 46]. 
Cerebral and renal lipid embolization are also reported [50]. 


Silicone Implants can be followed by migration of the silicone particles into the 
lymph nodes inducing foreign body granuloma formation. This lesion is known as 
silicone granulomatous lymphadenopathy, or siliconoma [51]. 


Heart Valve Implantation induces hemolysis, in fewer than 4% of cases, as a 
result of direct mechanic effect, structural deterioration or paravalvular leak. The 
process is usually asymptomatic but postoperative anemia can be associated [1, 
52, 53]. 


General Anesthesia-Related Bone Marrow Suppression is an infrequent but 
severe lesion. Exposure to nitric oxide for more than six hours can induce 
temporary suppression of megaloblastic hematopoiesis [54]. 


Reactive (Secondary) Thrombocytosis occurs in more than 70% of patients 
undergoing splenectomy, but generally presents a spontaneous resolution without 
thrombotic complications. Severe thrombotic events involving the peripheral 
extremities, lungs, brain and myocardial arteries are infrequently reported. Retinal 
vein occlusion with subsequent loss of vision can also emerge [55]. During 
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splenectomy, damage to blood vessels can induce hemorrhages and/or thrombosis. 
Intraoperative injuries of the surrounding organs (stomach, pancreas, intestine, 
kidney) can lead to pancreatitis, peritonitis, etc. 


Self-limited reactive thrombocytosis is reported following surgical procedures 
and delivery, and can be followed by postoperative thromboembolic 
complications. The supposed mechanism involves the activation of platelets via 
increased levels of thrombopoietin, interleukin-6, interferon gamma and 
catecholamines [32, 56]. 


Because reactive thrombocytosis can be a consequence of severe tissue injuries, 
this lesion is also reported following electrical injuries [57]. In ICUs the long- 
term insertion of indwelling catheters (central venous catheter, pacemaker, 
defibrillator leads) causes tissue lysis, inflammation and sepsis, with subsequent 
thrombocytosis and thrombosis of the upper extremities [32]. 
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CHAPTER 13 


Iatrogenic Pathology of the Skin and Subcutaneous 
Tissue 


Simona Gurzu' and Ioan Jung 
Department of Pathology, University of Medicine and Pharmacy, Tirgu-Mures, Romania 


Abstract: The skin and liver are the most common organs affected by the side effects 
of drugs. Drug-related damage to the skin and subcutaneous tissue is presented in detail 
in this chapter. Benign lesions include contact dermatitis and eczematous eruptions. 
Severe drug-induced injuries include Stevens-Johnson syndrome (SJS), toxic epidermal 
necrolysis, drug reaction with eosinophilia and systemic symptoms (DRESS 
syndrome), acute generalized exanthematous pustulosis, bullous dermatoses and other 
hypersensitivity syndromes. The specific characteristics and responsible agents of these 
conditions are offered in tables in this chapter, and particular types of drug-induced 
lesions are also presented. A significant part of the chapter focuses on the effects of 
targeted cancer therapies on the skin and subcutaneous tissue. Granulomas and 
vaccine-induced lesions are also examined. 


Keywords: Adverse drug reaction, Allergy, Antibody, Contact dermatitis, 
Dermatosis, DRESS syndrome, Eczema, eruption, Hyperpigmentation, 
Hypersensitivity, Iatrogenic, Pustulosis, Stevens-Johnson syndrome, Toxic 
epidermal necrolysis, Vitiligo. 


DRUG-INDUCED LESIONS 


Of all the organs and tissue of the human body, the skin and cutaneous annexes 
are the systems most commonly affected by ADRs. The incidence of CU-ADRs is 
2-3% of all hospitalized patients and even higher in females and elderly patients 
[1 - 3]. In pediatric emergency departments, the incidence is about 1% [4]. 


Most CU-ADRs are induced through hypersensitivity reactions, but direct 
toxicity, idiosyncrasy, metabolic enzymatic deficiencies and other mechanisms 
can also be involved. 


About 98% of CU-ADRs are benign lesions (Tables 13-1 and 13-2), with only 2% 
showing severe evolution (Tables 13-3 and 13-4). In pediatric emergency 
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departments, 53% of CU-ADRs are benign. These benign lesions occur primarily 
in children between two and 11 years of age, whereas severe CU-ADRs are more 
common in children between the ages of 12 and 15. The severe CU-ADRs of 
childhood are commonly induced by drug overdose [4]. 


Benign lesions include maculopapular and eczematous eruptions, exanthema, 
urticaria, erythema multiforme, erythroderma, lichenoid and lupus-like reactions, 
vesicular lesions, necroses, hemorrhages, hyperpigmentation, atrophy, alopecia, 
etc. [5]. 


Severe CU-ADRs are known to have potential lethality or to produce lifelong 
sequelae [5, 6]. They are immune-mediated by the drug-antigen/HLA-T-cell 
receptor complex and genetic susceptibility is a major component of their 
occurrence [6, 7]. Elderly patients and carriers of HLA-B*15:02, HLA-B*58:01, 
HLA-B*59:01 and HLA-B*13:01 present an increased expression of cytotoxic 
cytokines in serum and tissues, thereby being more predisposed to develop severe 
CU-ADRs [3, 8]. Severe CU-ADRs include Stevens-Johnson syndrome (SJS), 
toxic epidermal necrolysis (TEN), drug reaction with eosinophilia and systemic 
symptoms (DRESS syndrome), linear immunoglobulin A (IgA) bullous 
dermatosis, acute generalized exanthematous pustulosis (AGEP), and the risk of 
pseudolymphoma, lymphoma and other tumors [7, 9 - 11]. 


Benign Lesions 


Allergic Contact Dermatitis can be induced by cosmetics, drugs, laboratory 
chemicals, ultrasound gel, colophony, balsam of Peru, propolis, nickel sulfate, 
lanolin, pyocyanin, butylhydroquinone, surgical preparations of chlorhexidine 
and povidone-iodine, medical adhesives, topical neomycin/bacitracin, etc. [11 - 
15]. 


Antiseptic bath emollients are frequently used in patients with eczema, which can 
induce local irritant reactions without significant clinical impact. In a few cases, 
large benzalkonium chloride-related ulcerations of the external genitalia were 
reported in young males, mimicking Fournier’s gangrene [16]. 


In patients with carcinoma of the urinary bladder, granulomatous ulcerations at 
the base of the penis were reported one month following injection of intravesical 
BCG. In other patients, gangrene of the penis and perineum were seen within 24 
hours of intravesical administration of mitomycin C, and penectomy was 
necessary three months after injection. The pathomechanism was the allergic 
contact reaction [17]. 
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Eczematous Eruptions are primarily self-limited or present benign behavior. 
They can be induced by several drugs, including antimicrobial agents, NSAIDs, 
antihypertensives and anticonvulsants (Tables 13-1 and 13-2). Exanthema (42%), 
erythema multiforme (10.5%) and vasculitis (9.5%) are the most common 
manifestations and are more severe in patients showing peripheral eosinophilia 
[18, 19]. 


Of all CU-ADRs produced by anti-infective drugs, radiographic contrast 
substances and NSAIDs, morbilliform exanthema (40%) and urticaria (23%) are 
predominant [2]. 


Eczematous dermatosis has been reported in patients with psoriasis treated with 
efalizumab [20], whereas acneiform eruptions can be induced by corticosteroids, 
iodides, bromides, anticonvulsants, isoniazid and immunosuppressants [21]. 


Table 13-1. Benign drug-related cutaneous lesions. Part I. Data from references [1-36]. 


Eczematous Antibiotics Penicillins, Cephalosporins, Sulfonamides 
Maculopapular Antibacterial Sulfonamides, Penicillins, Isoniazid 


Vancomycin, Antifungals 
Anesthetic agents, Myorelaxants, Opiates, Dextrans 
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(Table ) contd..... 


Erythema Anti-infective Penicillins, Tetracyclines, Sulfonamides, Isoniazid, 
multiforme/ Nitrofurantoin 


eryihroderma Anticonvulsants Phenytoin, Carbamazepine, Barbiturates 
Antipsychotics Chlorpromazine, Phenothiazines, Lithium 


Other drugs NSAIDs, Aspirin, Codeine phosphate, Thiazides, Omeprazole, 
Captopril, Cimetidine, Quinine, Sulfonylurea 





Table 13-2. Benign drug-related cutaneous lesions. Part II. Data from references [1-36]. 


Lichenoid reaction Antihypertensive /Antiarrhythmics | Beta blockers, methyldopa, captopril, quinidine 


Anti-infective P-aminosalicylic acid, tetracyclines, isoniazid, 
ethambutol, dapsone 
Anticonvulsants Phenytoin, carbamazepine 


Immunosuppressives Hydroxyurea, penicillamine, gold salts, 
bleomycin 


Iatrogenic Diuretics 
discoid/systemic lupus Antiarrhythmics 
erythematosus 


Permanent alopecia |Oncologic regimens Anthracycline with cyclophosphamide, 
docetaxel with carboplatin and trastuzumab, 
paclitaxel or docetaxel alone 





Severe Lesions 


Stevens-Johnson Syndrome (SJS) and Toxic Epidermal Necrolysis (TEN) are 
induced through HLA-related delayed type immune reactions and are 
characterized by widespread keratinocyte apoptosis [6 - 8]. SJS is defined as the 
presence of skin lesions over the whole body cutaneous area, covering less than 
10% of the surface area, with lesion severity spanning from erythematous patches 
to large ulcerations and skin detachment. In cases of skin detachment involving 
more than 30% of the whole body surface area, the lesion is known as TEN. The 
SJS/TEN overlap is common and indicates skin detachment greater than 10% but 


194 Textbook of Iatrogenic Pathology Gurzu and Jung 


less than 30% of the body surface area. These lesions occur between two and 
three weeks following drug use [22 - 25]. SJS/TEN can be induced by several 
drugs, including anticonvulsants, acetaminophen (Fig. 13-1), allopurinol and anti- 
inflammatory agents (Tables 13-3 and 13-4). The mortality rate is 5-10% for SJS, 
about 30% for SJS/TEN overlap, and 50% for TEN [8, 23 - 28]. 





Fig. (13-1). Erythematous patches and large skin detachment areas induced by acetaminophen (courtesy of 
Prof. Tivadar Bara). 


Drug Reaction with Eosinophilia and Systemic Symptoms (DRESS syndrome) 
refers to the association of cutaneous rash with systemic lesions, such as fever, 
hematologic abnormalities (eosinophilia, thrombocytopenia, atypical 
lymphocytes), lymphadenopathy, pseudolymphomas and visceral organ 
involvement. In patients with fixed drug eruptions, the immune-mediated DRESS 
syndrome mechanism involves viral reactivation and the presence of tissue 
resident memory T-cells in recurrent site-specific lesions [6, 7, 29]. DRESS 
syndrome can be induced by anticonvulsants, antibacterial agents, allopurinol, 
antivirals, etc. (Table 13-4). It is a rare but life-threatening lesion with a mortality 
rate of about 10% [10, 19, 22, 29 - 31]. 
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Table 13-3. Severe types of drug-related cutaneous lesions. Part I. Data from references [1-36]. 


Stevens-Johnson Anti-infective Augmentin (amoxicillin with clavulanate), penicillins, D- 
syndrome (SJS) penicillamine, ampicillin, sulfonamides, nitrofurantoin, 
tuberculostatics 


Anti-inflammatory Aspirin, salazopyrin, phenylbutazone, methimazole, 
ibuprofen 


Analgesics/antipyretics | Acetaminophen 


Anticonvulsants Phenytoin, phenobarbital, carbamazepine, lamotrigine, 
clozapine, barbiturates 

Antipsychotics Phenothiazines 

Anti-hyperuricemia Allopurinol 


Table 13-4. Severe types of drug-related cutaneous lesions. Part II. Data from references [1 - 36]. 
Toxic epidermal Sulfonamides, penicillins, tetracyclines 
necrolysis (TEN) nitrofurantoin, chloramphenicol 


Cytotoxics Cyclophosphamide, methotrexate, adriamycin, 
mithramycin 


Phenytoin, carbamazepine, barbiturates 
Anti-hyperuricemia Allopurinol 


Drug reaction with Anticonvulsants Phenytoin, phenobarbital, carbamazepine, 
eosinophilia and systemic levetiracetam 

sy its toms (DRESS Antibacterial Sulfonamides, sulfasalazine, metronidazole, 
syndrome) minocycline 


Antivirals Nevirapine, abacavir 


Acute generalized Antibiotics Amoxicillin, ampicillin, vancomycin, pristinamycin, 
exanthematous ceftriaxone, macrolides, quinolones 
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(Table ) contd..... 


Linear immunoglobulin Sulfasalazine, NSAIDs (diclofenac, piroxicam) 


A (IgA) bullous Antibacterial Vancomycin, penicillin, cefamandole trimethoprim- 
dermatosis 
sulfamethoxazole 


Anticonvulsants Phenytoin, vigabatrin 


Antiarrhythmics Amiodarone, captopril 


[Hormones | Somatostatin 


Allopurinol hypersen- Antihyperuricemic Allopurinol 
a syndrome 


|Pseudolymphoma | [Anticonvulsants | [Phenytoin 0 





Acute Generalized Exanthematous Pustulosis (AGEP) is a rare (between one 
and five cases/1,000,000/year) but severe drug-induced disorder characterized by 
acute development of nonfollicular sterile pustular eruptions, erythematous 
edema, fever and leukocytosis. The cutaneous lesions occur between two and 
three days after drug exposure. The rash typically begins in the intertriginous area 
or on the face, with further diffuse spreading accompanied by an itching 
sensation. In severe cases, the involvement of mucous membranes (e.g., oral 
mucosa) and visceral organs can mimic septic shock. AGEP is particularly, but 
not exclusively, induced by antibiotics (Table 13-4). Ordinarily, this lesion self- 
limits upon drug cessation, but steroids are sometimes necessary [4, 25, 32 - 34]. 


Linear Immunoglobulin A (IgA) Bullous Dermatosis is a severe immune- 
mediated bullous disease characterized by linear deposits of IgA along the basal 
membrane. It can be induced by several drugs, including sulfasalazine, 
vancomycin, trimetoprim-sulfametoxazol, amiodarone, captopril, cefamandole, 
NSAIDs (diclofenac, piroxicam), furosemide, glibenclamide, lithium, penicillin, 
phenytoin, somatostatin, vigabatrin, etc. (Table 13-4). In some cases, DRESS 
syndrome or TEN can be associated [19]. 


Allopurinol Hypersensitivity Syndrome is reported in patients with hyper- 
uricemia-related disorders, such as recurrent acute gouty arthritis, tophi, urate 
nephropathy, urate lithiasis and tumor lysis syndrome. It is characterized by 
association with cutaneous lesions (maculopapular rash, bullae, TEN and/or 
erythema multiforme), fever, decreased renal function, hepatocellular injury, 
leukocytosis and eosinophilia. The mortality rate is about 32% [28, 35]. 
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Other Particular Types of Drug-Induced Lesions 


Fixed Drug Eruptions represent recurrent well-defined lesions appearing in the 
same mucocutaneous site each time the causative agent is taken. Under the 
microscope, basal cell vacuolization, dermal melanophages and superficial 
perivascular lymphocytic infiltrate are characteristic. These lesions preferentially 
occur on the external genital organs, oral mucosa, extremities and trunk. The most 
common drugs that can present this side effect, upon oral or systemic 
administration, are antifungals (e.g., ketoconazole), antiparasitic agents (e.g., 
metronidazole, miconazole), quinine, antibacterial sulfonamides, NSAIDs, 
antimalarial drugs, antibiotics, antihistamines and steroids. The lesion disappears 
following drug cessation and reoccurs upon readministration [37 - 40]. 


Vitiligo-Like Hypopigmentation can emerge after local application of creams, 
such as imiquimod 5%. This cream is used for HPV-related condylomata 
accuminata, Bowen’s disease, common and plantar warts, molluscum 
contagiosum, herpes simplex, Paget’s disease, basal cell carcinoma and 
superficial squamous cell carcinoma. White patches occur on the penis, scrotum, 
pubic area, perianal area, perineum, etc. [41]. 


CU-ADRs of Steroids occur as a result of steroids-induced decrease of epidermal 
mitotic rate and collagen synthesis. The result is cutaneous atrophy that can be 
complicated by the formation of striae distensae [42]. These reactions are also 
responsible for hypersecretion of the sweat glands and hyperplasia of the 
sebaceous glands, accompanied by formation of acneiform eruptions [21]. 


CU-ADRs of Cytotoxic Drugs range from mild to life-threatening lesions. The 
most common reported lesions are the following: urticaria (asparaginase, 
cisplatin, melphalan), acral erythema (doxorubicin, 5-FU, cytosine arabinoside), 
photosensitivity (dacarbazine, vinblastine, 5-FU, mitomycin), alopecia 
(cyclophosphamide), hand-foot skin reaction (cisplatin), excessive hair growth 
(cyclosporine), hyperpigmentation (bleomycin, cyclophosphamide, busulfan, 
doxorubicin), eccrine hidradenitis (bleomycin, cyclophosphamide, busulfan, 
doxorubicin), dermatomyositis-like lesions (hydroxyurea), dermatitis 
(mitomycin), Raynaud phenomenon (cisplatin), etc. [9, 43, 44]. 


CU-ADRs of Targeted Cancer Therapies are reported in patients taking the 
following drug types: monoclonal antibodies, cancer vaccines, growth factors 
inhibitors, immunotherapies (interferon, interleukins), antiangiogenic drugs 
(bevacizumab, temozolomide), kinase inhibitors (erlotinib, gefitinib, imatinib, 
nilotinib, dasatinib, sunitinib, sorafenib, pazopanib, lapatinib, everolimus, 
cabozantinib, regorafenib), hedgehog pathway inhibitors (vismodegib) and gene 
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therapy agents. The following growth factors can be therapeutically inhibited: 
epidermal growth factor (EGF) and its receptor (EGFR), VEGF, platelet-derived 
endothelial growth factor (PDGF) and fibroblast growth factor (FGF). 
Multikinase inhibitors act against protein kinases and the receptors of the 
following genes: VEGF, tyrosine kinase with Ig, EGF homology domains-2, and 
the proto-oncogenes of mesenchymal-epithelial transition (MET) and rearranged 
during transfection (RET). Although biological therapy is considered to have a 
lower rate of side effects than conventional chemotherapeutics, some specific CU- 
ADRs have been reported [45 - 50]. 


e EGFR inhibitors (cetuximab, panitumumab, erlotinib, lapatinib, etc.) can cause 
maculopapular/papulopustular rash, lichenoid or acneiform eruptions, hair and 
nail changes, itching, xerosis and oral mucositis [47, 49]. The CU-ADRs of 
EGFR inhibitors are known as PRIDE syndrome (paronychia, papulopustular 
rash, itching and dryness) [49]. In one of our cases, skin bioptic specimens from 
red patches occurring on the limbs of a female with lung cancer treated with 
erlotinib indicated a cutaneous leukocytoclastic vasculitis (Fig. 13-2). This type 
of vasculitis had previously been reported in a patient with hepatocellular 
carcinoma and bone metastasis treated with bevacizumab-erlotinib therapy [45]. 

e Kinase inhibitors can induce edema, maculopapular rash (imatinib, bortezomib, 

sorafenib, regorafenib, efc.), urticaria (sorafenib), facial erythema (sorafenib), 

splinter subungual hemorrhages (sorafenib), hemangiomas development 

(sorafenib), acneiform eruptions (dasatinib, radotinib, nilotinib), alopecia and 

hand-foot skin reactions (erlotinib, sorafenib, sunitinib, regorafenib). Severe 

lesions, including ulcerations, vasculitis and purpura (sorafenib or sunitinib) and 

DRESS syndrome (imatinib) have been reported in 17% of patients. These 

severe lesions are more common in females and primarily occur within the first 

two months of treatment [46, 49, 51 - 55]. The multikinase inhibitor, 
cabozantinib, which is used in the treatment of metastatic medullary thyroid 
cancer and other solid malignancies, presents a dose-limiting hand-foot skin 
reaction in about 35% of patients [48]. A sorafenib-related risk of development 

of a squamous cell carcinoma was also reported [52]. 

Antiangiogenic drugs can produce rash, skin discoloration, hand-foot skin 

reactions, exfoliative dermatitis and xerosis, and induce risk of wound 

dehiscence, delayed wound healing and skin ulcerations [42, 50]. The 
association of bevacizumab with carboplatin therapy increases the severity of 
hand-foot skin reactions [44]. In patients with steroids-induced striae, 
ulcerations within striae are seen in patients also receiving bevacizumab. This is 
why long-term association of bevacizumab with dexamethasone should be 

avoided [42]. 

e Monoclonal antibodies that are used for melanoma treatment, such as 
ipilimumab, can cause dermatitis and pruritus [49]. 
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e BRAF inhibitors, such as vemurafenib and dabrafenib, which are used for 
melanoma treatment, can produce exanthema and lead to an increased risk of 
squamous cell carcinoma [49]. 

e mTOR inhibitors that are used in transplant recipients for their immune 
suppressive effect, but also as targeted cancer therapeutics, can be responsible 
for delayed wound healing and leg edema [56]. 





Fig. (13-2). Leukocytoclastic vasculitis of the superficial dermis in a patient with lung cancer treated with 
erlotinib. HE, Ob. 10x. 


Cutaneous Lipomatosis onset coinciding with drug treatment has been reported 
in patients receiving chemotherapy (e.g., cisplatin, bortezomib), especially in 
combined regimens and associated steroids (e.g., mechlorethamine with 
vincristine, procarbazine and prednisolone; bortezomib with dexamethasone). 
Subcutaneous fat development has also been seen to be associated with steroids- 
only and anti-HIV treatment. In diabetics, lipomatosis is associated with 
peroxisome proliferator-activated receptor (PPAR) gamma agonists, such as 
rosiglitazone and pioglitazone [43, 57]. 


Thrombocytopenic Purpura (Moschcowitz syndrome) is reported to be induced 
by drugs that stimulate the formation of antiplatelets antibodies, such as NSAIDs 
(e.g., nimesulide) [58]. Nimesulide use has also been associated with urticaria, 
maculopapular rash and toxic pustuloderma, being withdrawn from the market in 
many countries [58]. Purpura can also be induced by hypolipidemic drugs, such as 
fenofibrate, serum sickness (e.g., rituximab) and allergic reactions, or can be a 
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side effect of anti-BCG vaccination, together with skin ulcerations and 
lymphadenitis [59, 60]. 


Necrotic Lesions 


e Anticoagulants can be responsible for inducing the diffuse hemorrhagic necrosis 
of the dermis and hypodermis, which is more characteristic than localized 
ulcerations. The most common involved areas are the thigh, calf, buttock, 
abdominal wall and breast skin [9]. Heparin-induced thrombocytopenia can be 
associated with skin necrosis and venous limb gangrene [61], especially in 
diabetic patients using warfarin (Fig. 13-3). Coumarin-type anticoagulants 
produce severe necroses in 0.1-0.5% of patients, more frequently in females, on 
the skin of the breast [9]. 

e Other drugs that can produce vasculitis, leg ulcers or leg gangrene are 
dopamine, cytotoxic agents and vitamin K antagonists [62, 63]. 





Fig. (13-3). Heparin-induced gangrene (left) and post-injection subcutaneous hematoma (right) in a diabetic 
patient. 


Calcinosis Cutis is a benign lesion characterized by storage of calcium in the 
dermis and hypodermis. The forearm is primarily affected in patients receiving 
long-term intravenous administration of calcium gluconate [64]. The main 
complications are skin necrosis (calciphylaxis), cellulitis, osteomyelitis and 
compartment syndrome, which is more common in neonates [65]. Heparin- 
induced calciphylaxis is reported in patients receiving subcutaneous warfarin [66]. 


Iatrogenic Anetoderma is a benign dermatosis characterized by focal loss of 
dermal elastic fibers and multiple macular depressions. It can be an idiopathic or 
secondary lesion related to autoimmune, inflammatory and infectious diseases. 
Anetoderma can also be induced by penicillamine and anti-hepatitis B 
vaccination. In premature infants, this dermatosis has been related to the 
placement of monitoring devices on the skin [11, 67]. 
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Aquagenic Palmoplantar Keratoderma is characterized by whitish edematous 
papules and an itchy or painful sensation upon immersion of the palms and/or 
soles in water (e.g., after bathing), followed by fine desquamation of the skin of 
the palms and soles. It was recently reported in a patient with Langerhans cell 
histiocytosis, which was treated for six months with vinblastine in conjunction 
with mercaptopurine and oral corticosteroids. In other cases, anti-inflammatory 
drugs have been involved in its occurrence. Hyperhidrosis and CFTR gene 
mutations seem to be predisposing factors [68]. 


Bromoderma is a rare skin disorder caused by long-term intake of bromide- 
containing sedatives. It is characterized by the presence of single or multiple 
papillomatous nodules and pustules on the face or limbs. Hyperchloremia and 
neurological or psychiatric symptoms can be associated. Clinically, it should be 
differentiated from pyoderma gangrenosum. Although this type of sedative has 
been banned by the US FDA, they are still used in some countries [69]. 


Iatrogenic Skin Lesions in Preterm Infants occur due to the immature skin 
barrier of neonates younger than 32 weeks of gestational age. They can be 
induced by ventilation techniques, central/umbilical venous catheters, electrodes, 
disinfectants, dressing, etc. [70, 71]. The incidence of CU-ADRs is about 57% at 
gestational ages between 24 and 27 weeks, and 3% in infants at term [72]. Aside 
from age and indwelling catheters, other causal factors are low birth weight, 
increased length of hospital stay, staphylococcal scalded skin syndrome, atopic 
dermatitis, drug eruptions and inherited or acquired blistering disorders [71]. 


Embolia Cutis Medicamentosa or Nicolau Syndrome was first reported in 1924 
following intragluteal injection of bismuth salts for the treatment of syphilis. It 
refers to hyperemia, skin discoloration, livedoid dermatitis and a hemorrhagic 
patch occurring at the injection site following intramuscular drug administration. 
A deep necrosis is then developed and death is a possible outcome. The supposed 
mechanism is the injection of the substance into an arterial lumen or wall, leading 
to immune-mediated vessel thrombosis and necrosis of subcutaneous tissue and 
muscles. Nowadays, this syndrome is reported in children below three years of 
age and in adults receiving NSAIDs injections, such as diclofenac sodium 
(Voltaren®) [73]. 


Necrotizing Fasciitis is reported to infrequently occur following use of sunitinib 
[74] or NSAIDs [75]. It can also be a consequence of injection (e.g., morphine), 
infiltration or placement of indwelling devices, such as central venous catheters 
[76]. 


Arsenicosis and Arsenical Keratosis can be induced by herbal medications in 
patients with refractory chronic eczema long-term treated with realgar. This is an 
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arsenic-based drug used in traditional Chinese medicine for detoxification, 
elimination of dampness, relief of itching and removal of putrefaction. Peripheral 
neuritis can be associated [77]. 


Functional skin disorders include dysphoria and can be induced by first and 
second generation antipsychotic agents [78]. 


Skin Granulomas 


e Lipogranuloma is a lesion that can occur postoperatively as a result of fatty 
tissue necrosis or as a complication of intramuscular injections. It is 
microscopically composed of foamy macrophages and infrequent giant cells. It 
is primarily a benign lesion with further subcutaneous fibrosis and formation of 
scarring tissue [9, 79]. 

e Oleogranuloma is formed surrounding unabsorbed oily drops in soft tissue 
following oil-based intramuscular injections. These granulomas are composed of 
oily cysts, foamy macrophages and multinucleated giant cells [9, 79]. 

e Granuloma formed surrounding nonabsorbable suture material, such as 
polyglactin, braided polyethylene-polyester and Ethibond, is usually a benign 
lesion [80]. In some cases, multiple small granulomatous nodules might be seen 
at the suture line (Fig. 13-4). 





Fig. (13-4). Post-laparotomy foreign body granuloma on the skin (left) and soft tissue (right). The 
multinucleated giant cells surround the suture material (right). 
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Angiolymphoid Hyperplasia with Eosinophilia Induced by Vaccination is a rare 
granulomatous lesion of the subcutaneous tissue that can occur at months 
following vaccination (e.g., antituberculosis, antipolio, tetanus toxoid) [81]. In 
one of our cases, it was surgically excised from the right upper arm (deltoid 
region) of a six-year-old girl. A progressively growing encapsulated bluish 
painless nodule of 30 mm in diameter, it was clinically thought to be a 
hemangioma. Under the microscope, it involved proliferation, in the dermis and 
subcutaneous tissue, of small and large vessels lined by elongated cells with well- 
defined cytoplasm and vesicular nuclei, without cytological atypia. Among these 
vessels, solid areas of CD68 positive cells with epithelioid architecture were seen. 
Scattered lymphoid follicles with germinal centers and mixed inflammatory 
infiltrate (eosinophils, lymphocytes and plasma cells) were also noted (Fig. 13-5). 
Differential diagnosis (regarding Kimura’s disease, tuberculosis, hemangio- 
endothelioma, Kaposi’s sarcoma and histiocytes-derived tumors) is very difficult 
and is primarily based on clinical history and absence of atypical cells. 





Fig. (13-5). Microscopic features of post-vaccination reactive angiolymphoid hyperplasia. HE, Ob. 4x. 
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CHAPTER 14 


Iatrogenic Lesions in Neurology 


Rodica Balasa‘® 
Department of Neurology, University of Medicine and Pharmacy, Tirgu-Mures, Romania 


Abstract: Iatrogenic neurological disorders can be induced by several factors, such as 
pharmacological agents prescribed for treatment or prevention (drug-induced 
neurological disorders [DIND]), complications of diagnostic and treatment procedures, 
like cerebral angiography or lumbar puncture, organ transplantation (related to the 
surgical procedure of transplantation, post-transplant immunosuppression, 
opportunistic infection or the inherent disorders that lead to transplantation), radiation 
therapy, etc. Iatrogenic neurological effects may be devastating due to the higher 
potential irreversibility of central nervous system, peripheral nervous system, 
neuromuscular junction (NMJ) and/or muscular system involvement. DIND represent 
the majority of iatrogenic neurological disorders. Drugs may directly induce 
neurological damage (through primary neurotoxicity, such as damage to the blood- 
brain barrier [BBB], disturbances of brain energy metabolism, ion 
channels/neurotransmitters disturbances, mitochondrial dysfunction, metabolite- 
mediated toxins, drug-induced selective cell death) or do so indirectly (cardiovascular, 
hematological or renal effects). Identification of DIND is important because early 
recognition and drug withdrawal can prevent irreversible damage. The numerous 
intrinsic risk factors for DIND should be well known by medical practitioners. 


Keywords: Anticholinergic syndrome, Choreoathetosis, Dyskinesia, Dystonia, 
Encephalopathies, Intracranial hypertension, Meningitis, Myoclonus, Myopathies, 
Neuroleptic malignant syndrome, Neuromuscular junction, Neurotoxicity, Organ 
transplantation, Parkinsonism, Polyneuropathy, Radiation therapy, Serotonin 
syndrome, Sympathomimetic syndrome, Tremor. 


INTRODUCTION 


Iatrogenic neurological disorders (iatrogenic neurological adverse effects, 
iatrogenic neurology) are induced by: a) the administration of pharmacological 
agents prescribed for treatment or prevention (drug-induced neurological 
disorders); b) utilization of diagnostic and treatment procedures; c) organ 
transplantation. Iatrogenic neurological adverse effects may be devastating due to 
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the higher potential irreversibility of central nervous system (CNS), peripheral 
nervous system (PNS), neuromuscular junction (NMJ) and/or muscular system 
(MS) involvements. 


DRUG-INDUCED NEUROLOGICAL DISORDERS 


The term “drug-induced neurological disorders’ (DIND) refers to 
unintended/undesirable effects on the CNS, PNS, NMJ and/or MS caused by 
drugs or associated with drug use (inappropriate use, overdose of a drug or 
interaction with other drugs). DIND are important because early recognition and 
drug withdrawal can prevent irreversible damage. The drug may act directly 
(primary neurotoxicity) or indirectly via other systemic disturbances caused by 
the drug (secondary neurotoxicity). 


The primary mechanisms of neurotoxicity are: a) damage to blood-brain barrier 
(BBB), facilitating the passage of drugs that normally do not cross the BBB; b) 
disturbances of brain energy metabolism (ATP synthetase inhibition, 
uncoupling/dissociation of oxidative phosphorylation, disturbances of oxygen 
consumption, enzymatic dysfunction, selective vulnerability of the nervous 
system); c) products of brain energy metabolism disturbances (calcium ions entry 
into the cells, oxygen free radical formation, excitatory amino acids); d) ion 
channels/neurotransmitters disturbances; e) mitochondrial dysfunction; f) 
metabolite-mediated toxins; g) drug-induced selective cell death. 


Secondary neurotoxicity is the condition in which the CNS, PNS, NMJ and/or MS 
are affected by ADR-induced disorders in other organs/systems, such as the 
cardiovascular, respiratory, hepatic, renal, hematological and endocrine systems. 
Drug-related metabolic disorders and vitamin deficiencies are also common. 


The main DIND-related mechanisms of neurotoxicity include oxidative stress, 
excitotoxicity, neuroinflammation, ubiquitin proteasome system, dysfunction of 
mitochondrial and/or neurotrophic factors. 


The risk factors for DIND are patient-related (genetic predisposition, old age, 
history of neurological disorders, degenerative brain disease, intracranial space- 
occupying lesions, brain damage, systemic diseases, pregnancy) or drug-related 
(high doses, drug-drug interaction, drug-disease interaction, rate of drug delivery, 
route of drug administration, drug withdrawal). 


The treatment of DIND involves the immediate discontinuation of the suspected 
drug [1 - 4]. 
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Drug-Induced Disorders of Consciousness 


Consciousness (CN) is a state of awareness, or of being aware of an external 
object or something within oneself. Its disturbance includes the following main 
clinical consequences [3]: 


Syncope (SN) is a sudden transient loss of CN and postural tone, usually lasting 
no more than 15 seconds. Drug-induced SN represents 2-9% of all patients with 
SN. It is a common event, reported as an ADR, and its relation to the drug is 
difficult to determine in most cases. SN and falls are often two concomitant side 
effects of drugs reported in elderly patients. The most common drugs inducing SN 
include analgesics, antineoplastics, cytokines (interferon-alpha), digitalis, drugs 
that produce postural hypotension, vasodilators, drugs and combinations that 
prolong the QT interval, hypnotic sedatives (depressants of the CNS), 
antidepressants, antipsychotics, antiparkinsonian drugs, antidiabetics, selective 
serotonin reuptake inhibitors and vaccines. 


Somnolence (SM) is a state of a strong desire for sleep, or sleeping for unusually 
long periods. 


Lethargy (LG) is a state of sleepiness, deep unresponsiveness, listless, tiredness, 
lack of energy, apathy and inactivity. 


Stupor (ST) is the lack of critical mental functions and a level of consciousness 
wherein a sufferer is almost entirely unresponsive, only responding to base stimuli 
such as pain. 


SM, LG or ST may be due to overdose of a drug that does not produce any 
impairment of consciousness at therapeutic doses. The most common drugs that 
can induce SM, LG or ST include antidepressants, antiepileptics, antihistaminics, 
neuroleptics, analgesics and hypnotic sedatives. 


Coma is a state of unconsciousness associated with neurological disorders in 
which the patient cannot be awakened, fails to respond normally to stimuli (pain, 
light, sound), lacks a normal sleep-wake cycle and does not initiate voluntary 
actions. Coma is a serious condition and a medical emergency. The most common 
drugs that can induce coma include hypnotic sedatives, anesthetics (propofol), 
antidiabetics (insulin, oral hypoglycemic agents) and _  drug-inducing 
encephalopathies (presented later in this chapter). Coma can also be a direct effect 
of prolonged use or overdose of barbiturates, benzodiazepines, opioids, tricyclic 
antidepressants, antiepileptics, etc. 
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Drug-Induced Encephalopathies 


Encephalopathy (EP) refers to a wide variety of permanent/reversible, 
acute/chronic brain disorders with different etiologies and prognoses. 
Leukoencephalopathy is a particular type of encephalopathy characterized by 
lesions of the white matter. The most common neurological symptoms of EP are 
loss of cognitive function, subtle personality changes, inability to concentrate, 
lethargy, cortical blindness, depressed consciousness, myoclonus, tremor, 
nystagmus, seizures and autonomic disorders. The mechanisms of drug-induced 
EP include cytotoxic and neurotoxic disorders, electrolytic disturbances 
(hyponatremia, hypopotassemia), hepatic enzyme interactions and 
hyperammonemia, drug effects upon cerebral receptors (GABA receptors), and 
drug-induced vasogenic and cytotoxic brain edema [3, 5]. 


Primary Drug-Induced EP occurs as a result of direct drug effects upon the 
brain. The most common drugs that can produce primary encephalopathy are 
analgesics, anesthetics, antibiotics, antivirals, antiepileptics, antineoplastics, 
immunosuppressants, immunomodulators, neuroleptics and mood stabilizers [3, 


5]. 


EP Secondary to Drug-Induced Metabolic Disorders can be a secondary effect 
of drug-induced hepatic, renal, metabolic or cardiovascular toxicity [3, 5 - 7]: 


e Hepatic EP occurs in patients using hepatotoxic drugs, such as acetaminophen, 
acetylsalicylic acid, anesthetics, antineoplastics, benzodiazepines, narcotics, 
antiepileptics and diuretics. 

e Vitamin B12 deficiency-related dementia is a dose-dependent lesion of patients 
taking proton pump inhibitors (PPIs). 

e Uremic EP occurs secondary to the nephrotoxic effect of NSAIDs, 
antibiotics/antivirals, benzodiazepines, antidepressants/mood _ stabilizers, 
antihistamines, antineoplastics, cardiovascular agents, diuretics, proton pump 
inhibitors (PPIs) and illicit drugs (cocaine, heroin, methadone). 

e Hypoglycemic EP can emerge in diabetic patients taking insulin, oral 
hypoglycemic agents, insulin-like growth factor, ACE inhibitors or beta 
blockers. 

e Hypertensive EP can emerge in patients with malignant hypertension taking 
mineralocorticoids or catecholamines. 


Iatrogenic Spongiform EP is also known as Creutzfeldt-Jakob disease. It can be 
a sporadic, familial or transmissible spongiform EP caused by pathogenic prions. 
The clinical signs and symptoms are rapidly progressive dementia, memory loss, 
profound personality changes, hallucinations, speech impairment, myoclonus, 
ataxia, rigid posture and seizures. The two main sources of prion infection are 
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transplantation of contaminated cadaveric tissues (cornea, dura mater, pituitary 
gland) and utilization of contaminated devices (stereotactic electroencephalo- 
graphy [EEG] electrodes, neurosurgical instruments) [8]. 


Progressive Multifocal Leukoencephalopathy (PML) is a rare demyelinating and 
usually fatal virus-related disease of the white matter of the CNS. It is caused by 
the reactivation of ubiquitous John Cunningham polyomavirus (JCV), which is 
present in 50-60% of healthy adults between 20 and 50 years of age, the 
percentage increasing with age. JCV is normally kept under control and is 
harmless except in cases of weakened immune system. 


Iatrogenic PML can be linked to treatment with several drugs, especially 
immunosuppressive agents and monoclonal antibodies. It is considered a multi- 
symptomatic condition, often with cognitive disturbances accompanying deficits 
in motor and sensory function. PML has a mortality rate of 30-50% in the first 
few months if the patients remain immunocompromised, and those who survive 
can present varying degrees of neurological disabilities [9, 10]. 


Posterior Reversible EP Syndrome is typically developed in organ transplanta- 
tion (~0.5% of organ recipients). Patients with this syndrome develop headaches, 
visual disturbances, altered mentation and often seizures. Severe hypertension is 
commonly present, but a quarter of such patients are normotensive [11]. 


Drug-Induced Movement Disorders 


Several groups of drugs may induce abnormalities of movement, posture and 
muscle tone that resemble primary extrapyramidal disorders [3, 12]. 


Parkinsonism is a clinical syndrome characterized by tremor, bradykinesia, 
rigidity and postural instability. The prevalence of drug-induced parkinsonism is 
about 20% of total Parkinson’s disease patients and can be classified according to 
the following groups [13, 14]: 


e High-risk drugs: dopamine receptor-blocking agents (DRBA, neuroleptics), 
dopamine depleters and drugs reducing dopamine levels. 

e Drugs with intermediate risk: calcium channel blockers, anticonvulsants and 
mood stabilizers (lithium). 

e Low-risk drugs: antihypertensives, antiarrhythmics, immunosuppressants, 
selective serotonin reuptake inhibitors, tricyclic antidepressants, monoamine 
oxidase inhibitors, antifungals, antibiotics, antivirals, antineoplastics, statins and 
hormones. 


Dystonia is a neurological movement disorder in which sustained muscle 
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contractions cause twisting and repetitive movement or abnormal posture. It can 
be an early or late drug-related effect [15]: 


e Acute dystonia occurs shortly after use of DRBA in 2.3-94% of patients. The 
main risk factors are male gender, young age (under 30 years of age), high 
potency and dose of DRBA, underlying psychiatric illness, mental retardation 
and familial predisposition. 

e Tardive dystonia develops after weeks or years of DRBA exposure and involves 
(but is not necessarily limited to) orofacial muscles. 


Akathisia is a neurological movement disorder characterized by a feeling of inner 
restlessness and compelling need to be in constant motion. It can be an early or 
late drug-related effect [15]: 


e Acute akathisia starts within hours or days (first two weeks) of initiation or 
increase in DRBA dosage. The incidence ranges from 21% to 31%. Use of 
atypical neuroleptics decreases the risk of this lesion. 

e Tardive akathisia is defined as being present for at least one month when the 
patient is on a constant dose of a DRBA. It occurs with an incidence of 20-40%. 


Dyskinesia refers to a category of acute or tardive movement disorders 
characterized by involuntary muscle movement (especially stereotypic 
orobuccolingual dyskinesia) and diminished voluntary movements. Tardive 
dyskinesia 1s defined as an abnormal involuntary movement following a minimum 
of three months of neuroleptic treatment in a patient with no other known etiology 
for movement disorders. It occurs in 24% of patients taking neuroleptics, 
butyrophenones, phenothiazines, thioxanthenes, anticholinergics, antidepressants, 
antiemetics, anxiolytics, antiepileptics, antiparkinsonian agents or mood 
stabilizers. The main risk factors for tardive dyskinesia are affective disorders, old 
age, female gender, total cumulative drug exposure, diabetes mellitus, alcohol 
abuse and cocaine intake [15]. 


Tremor is an involuntary, somewhat rhythmic muscle contraction and relaxation 
involving twitching movements of one or more body parts. It can be induced by 
the following drugs: beta-adrenergic agonists, © sympathomimetics, 
anticonvulsants, neuroleptics, dopamine depleters, antidepressants, selective 
serotonin reuptake inhibitors, mood stabilizers, antiarrhythmics, antineoplastics, 
immunosuppressants, amphetamines, xanthines, precursors of catecholamines, 
hormones (tyrosine) and illicit drugs (cocaine, alcohol, nicotine) [12, 16]. 


Choreoathetosis is an abnormal involuntary movement disorder characterized by 
a combination of chorea (rapid, brief, irregular, nonrepetitive, randomly 
distributed movements involving both proximal and distal muscles, unstable with 
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a “dance-like” gait) and athetosis (slow, convoluted, writhing movements of the 
fingers, hands, toes, feet and, in some cases, arms, legs, neck and tongue). It can 
be induced by the following drugs: anticonvulsants, anticholinergics, tricyclic 
antidepressants, amphetamines, antihistamines, selective serotonin reuptake 
inhibitors, xanthenes, antiemetics (metoclopramide) and precursors of 
catecholamines (levodopa) [12]. 


Myoclonus is a sudden, abrupt, brief, “shock-like” involuntary movement caused 
by muscular contractions or a sudden brief lapse of muscle tonus in active 
postural muscles. It can be induced by the following drugs: antiparkinsonian 
agents, cyclic antidepressants, atypical antipsychotics, hypnotics, opioids, 
antiepileptics, antibiotics and calcium channel blockers [12, 17]. 


Neuroleptic Malignant Syndrome is a life-threatening neurological disorder 
(with a mortality rate of 4-22%) that occurs in 0.1-1.8% of patients taking 
neuroleptic drugs. The main risk factors are use of high-potency drugs, rapid 
increase in dosage, long-acting forms of neuroleptics and combination of 
neuroleptics with lithium and antidepressants. It is more common in young adults 
(under 40 years of age) and in men as compared to women (1.5-2.1 ratio). 


The clinical signs and symptoms are severe muscular rigidity, fever (above 39°C), 
tremor, diaphoresis, symptoms of autonomic system instability (incontinence, 

tachycardia, tachypnea, labile blood pressure, incontinence), mutism and 

alterations in mental status (agitation, delirium or coma). Leukocytosis and 

elevated serum levels of creatinine phosphokinase are associated. This syndrome 

has a primarily hyperacute presentation (occurring in the first 24-72 hours after 

drug administration). In patients taking oral neuroleptics, the syndrome can 

emerge after 10-13 days, and even later following administration of depot agents 

[3, 12, 15]. 


Serotonin Syndrome is a potentially life-threatening condition induced by 
increased serotoninergic activity in the CNS. It can be induced by the following 
drugs: selective serotonin reuptake inhibitors, serotonin-norepinephrine reuptake 
inhibitors, dopamine-norepinephrine reuptake inhibitors, serotonin modulators 
and tricyclic antidepressants. Moreover, drug-drug interaction increases the 
severity of serotonin toxicity. 


Serotonin syndrome emerges between six and 24 hours after initiation of 
treatment. The clinical symptoms include hyperthermia (above 38°C), agitated 
delirium, ocular clonus (slow, continuous, horizontal movement), dilated pupils, 
tremor, myoclonus, akathisia, deep tendon hyperreflexia, inducible/spontaneous 
muscle clonus, incoordination, muscle rigidity, bilateral Babinski signs, dry 
membranes, flushed skin and diaphoresis. Elevated serum levels of leukocytes 
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and creatinine phosphokinase, along with low levels of serum bicarbonate 
concentration, are associated [3, 18]. 


Drug-Induced Seizures 


A seizure is defined as “a paroxysmal clinical event characterized by an altered 
state of consciousness, with or without presence of motor activity or abnormal 
motor activity accompanied by epileptic EEG activity”. About 0.08-1.7% of all 
seizures are drug-induced. Moreover, 9% of patients with status epilepticus 
presenting to an emergency department do so as a result of drug toxicity. 


Seizures can be induced by the following drugs: anesthetics, antidepressants, 
antipsychotics, antiepileptics, antihistamines, antibiotics, antineoplastics, CNS 
stimulants, immunosuppressives, antidiabetics, narcotics/analgesics, NSAIDs, 
contrast agents and vaccines. 


Drug-induced seizures occur as a result of direct (disturbances of cerebral energy 
metabolism, stimulation of the CNS, neurotransmitter disturbances, cerebral 
cortical irritation, toxic effects on neurons, etc.) or indirect effects on the CNS 
(cerebral blood flow disturbances, cerebral hypoxia, cardiac rhythm disturbances, 
electrolyte or metabolic disorders, efc.). They can also be the result of drug 
overdose, drug interactions or sedative drug withdrawal. The main patient-related 
risk factors are family history of epilepsy, previous seizures, preexisting CNS 
disorders, extreme ages (infants and elderly patients), associated systemic diseases 
affecting drug metabolism, alcohol abuse and high fever [3, 12]. 


Drug-Induced Cerebrovascular Disorders 


These disorders occur as a result of the direct or indirect effects of drugs on 
cerebral vessels, extracerebral vascular systems or coagulation cascade, and 
include the following lesions [3, 4, 12, 19, 20]: 


Hypertension can be induced by sympathomimetics, mineralocorticoids, 
erythropoietin, amphetamines, NSAIDs and cocaine. It is a major risk factor for 
stroke, particularly cerebral hemorrhage. 


Cerebral Thromboembolic Disorders are caused by procoagulant drugs, heparin 
(heparin-induced thrombocytopenia), contraceptives, antineoplastics, etc. 


Cerebral Hemorrhage can occur in patients taking anticoagulants (9-23% of 
users), thrombolysis agents (1.5% of patients) or platelets antiaggregation drugs 
(7.3% of users). Prolonged use of platelets antiaggregation drugs, particularly 
aspirin, is associated with a high risk of brain hemorrhage, notably microbleeds. 
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Cerebral Vasculitis can be induced by sympathomimetics, amphetamines, 
antineoplastics, ergot alkaloids, vaccines, efc. 


Cerebral Vasoconstriction/Vasospasm can occur in patients taking ergot 
alkaloids, nitrogen monoxide (NO) synthase inhibitors, serotoninergic drugs or 
antineoplastics. Hyperbaric oxygen therapy is a causal factor. 


Iatrogenic Benign Intracranial Hypertension is characterized by increased 
intracranial pressure in the absence of a tumor or other diseases. It can be induced 
by the following drugs: antiarrhythmics, antibiotics/antimicrobial agents, 
withdrawal of corticosteroids, antineoplastics, synthetic steroid ethisterone, 
growth hormone, NSAIDs, mood stabilizers, oral contraceptives, antiepileptics, 
retinoids and excess or deficiency of vitamin A. Signs and symptoms are 
headaches (worse in the morning), nausea, vomiting, pulsatile tinnitus, paresis of 
the abducens nerve (the sixth cranial nerve) and papilledema or optic atrophy with 
visual disorders. 


Drug-Induced Cerebellar Disorders 


These disorders include ataxia, dysmetria, dyssynergia, dysarthria, 
dysdiadochokinesia, cerebellar nystagmus, intention tremor and muscular 
hypotonia. They can be induced by the following drugs: antidepressants, 
antineoplastics, antiepileptics, mood stabilizers, histamine-H2 receptor 
antagonists, sedatives and vaccines [3, 12, 21]. 


Drug-Induced Disorders of Cranial Nerves 


These primarily relate to optic and vestibular nerve injuries, dysgeusia and 
dysosmia [3, 12, 19, 22, 23]: 


Optic Neuropathy can be induced by antiarrhythmics, antibiotics, antineoplastics, 
antiepileptics, ergot alkaloids, NSAIDs, immunosuppressants, oral contraceptives, 
phosphodiesterase type 5 inhibitors, vaccines and chelators. The main symptoms 
are visual changes, which can also be induced by hyperbaric oxygen therapy. 


Ophthalmoplegia is the paralysis of one or more of the six muscles that hold the 
eye in place and control its movements. External ophthalmoplegia can occur in 
patients taking antiepileptics, barbiturates, tricyclic antidepressants or 
antineoplastics. Internal ophthalmoplegia can be induced by benzodiazepines, 
mood stabilizers or antineoplastics. 


Ototoxicity is known to be induced by over 100 drugs that can cause acoustic and 
vestibular damage to the inner ear and/or to the cochleovestibular nerve. They 
include aminoglycoside antibiotics, anesthetics, antiepileptics, antihistaminics, 
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antimalarial drugs, antineoplastics, antacids, anxiolytics, CNS stimulants, 
diuretics, NSAIDs, opioids, neuroleptics, sedatives and tricyclic antidepressants. 
The acoustic symptomatology refers to tinnitus and hypo-/anacusis, whereas 
vestibular injuries induce vertigo, nystagmus and balance impairment. Otic 
barotrauma can also be induced by hyperbaric oxygen therapy. 


Smell and Taste Disorders are also known as dysosmia and dysgeusia. Drugs can 
produce injuries of receptors (90%), disorders of sensory neural transmission 
(5%) or disturbances of CNS perception (5%). They include the following agents: 
analgesics, anesthetics, anorectics, antiasthmatics, antihistamines, antibiotics, 
antifungals, antivirals, antineoplastics, chelators, ACE inhibitors, calctum channel 
inhibitors, angiotensin II receptor antagonists, antiarrhythmics, hypolipemiant 
drugs, alpha-adrenergic agonists, antithyroid drugs,  antidiabetics, 
antiparkinsonian drugs, antiepileptics, psychotropic drugs, antimigraine drugs, 
NSAIDs and nasal decongestants. 


Drug-Induced Aseptic Meningitis 


Iatrogenic aseptic meningitis can occur following lumbar puncture or as an 
immune-mediated ADR-related complication. It can also be the result of irritation 
of the meninges by intrathecal instillation of a certain agent. The most common 
drugs involved in its etiology are antivirals (valacyclovir), antibiotics/sulfo- 
namides (amoxicillin, ciprofloxacin, isoniazid, sulfamethoxazole, trimethoprim, 
metronidazole), allopurinol, anticonvulsants (lamotrigine), antineoplastics, 
monoclonal antibodies, NSAIDs (ibuprofen), immunomodulators (immuno- 
globulin IV, muromonab-CD3), vaccines and contrast agents. Its clinical signs 
and symptoms are headaches, photophobia, myalgia, nausea, vomiting, fever and 
neck stiffness. Cerebrospinal fluid examination reveals neutrophilic pleocytosis, 
high levels of proteins, normal levels of glucose and lactic acid and negative 
Gram stain and cultures [3, 24, 25]. 


Drug-Induced Spinal Cord Disorders 


Intrathecal Toxicity can be induced by those drugs introduced into the 
intrathecal space for diagnostic or therapeutic purposes. The clinical consequences 
are spinal cord disorders. The main myelotoxic drugs are antineoplastics, 
corticosteroids, lidocaine, morphine and radiological contrast agents [3, 12]. 


Myelopathy describes any neurological deficit related to the spinal cord. It can be 
induced by antineoplastics, corticosteroids, penicillin, vaccines and illicit drugs 
(heroin, use of NO for recreational purposes). Signs and symptoms depend on the 
affected spinal level (cervical, thoracic or lumbar) and include upper motor 
neuron signs (weakness, spasticity, hyperreflexia, and pathological reflexes), 
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lower motor neuron signs (weakness, muscle hypotonicity, muscle atrophy, 
fasciculations in the innervated muscle), sensory deficits (global/partial hypo- 
/anesthesia) and autonomic disturbances (bowel/bladder disorders, sexual 
dysfunctions) [3, 12]. 


Drug-Induced Peripheral Neuropathies 


Polyneuropathy encompasses a wide range of disorders in which the peripheral 
nerves are damaged. About 2-4% of all polyneuropathies are drug-induced. The 
most common drugs involved in its etiology are antineoplastics, 
antibiotics/antifungals/antivirals, antiarrhythmics, neuroleptics, tricyclic 
antidepressants, mood stabilizers, serotonin reuptake inhibitors and miscellaneous 
drugs (allopurinol, anticoagulants, botulinum toxin, cimetidine, colchicine, 
disulfiram, interferon-alpha, hypolipemiants, oral contraceptives, D- 
penicillamine, pyridoxine abuse, sulfasalazine, vaccines, efc.). 


The mechanisms involved in the genesis of drug-related polyneuropathy include 
drug-induced vitamin deficiencies, interference with metabolic processes within 
nerves, immune mechanisms and direct injuries to nerves or vessels. 


The clinical signs and symptoms are related to the peripheral somatosensory 
system (pain, hyperalgesia, hyperpathia, hyperesthesia, paresthesia, dysesthesia, 
allodynia, hypo-/anesthesia) or somatomotor system (paresis/paralysis, muscle 
hypotonia, muscular atrophy, hypo-/areflexia) [3, 26 - 28]. 


Polyradiculoneuropathy (Guillain-Barré syndrome) is an acute inflammatory 
demyelinating polyradiculoneuropathy characterized by concomitant occurrence 
of polyneuropathy and polyradiculopathy. It can be induced by corticosteroids, 
antimalarial drugs, parenteral gangliosides, gold salts, quinolone antibiotics, 
oxytocin, D-penicillamine, streptokinase and vaccines. Its clinical signs and 
symptoms are similar to those described in polyneuropathy, but respiratory failure 
and hypotension are also associated. Elevated protein levels with low numbers of 
white blood cells (albuminocytological dissociation) are specific changes in the 
cerebrospinal fluid [3, 26 - 28]. 


Disorders of the Autonomic Nervous System can be associated with the 
following neurological disorders [3, 12]. 


e Cholinergic syndrome can be induced by cholinomimetics and anti- 
cholinesterases, and is characterized by confusion, weakness, hypersalivation, 
urinary and fecal incontinence, vomiting, sweating, muscle fasciculations, 
miosis, pulmonary edema and bradycardia. 

e Anticholinergic syndrome can be a consequence of anesthesia or administration 
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of drugs such as antiemetics, antihistamines with anticholinergic activity, 
medications used for urinary incontinence, antiparkinsonian medications, 
antipsychotics, tricyclic antidepressants, antispasmodics for the GI tract, and 
herbal medications. Clinical signs and symptoms of anticholinergic syndrome 
are delirium, cognitive impairment, agitation, hallucinations (visual, auditory 
and tactile), poor coordination, dry mouth, low sweating, pupil dilatation, 
tachycardia, respiratory depression, urinary retention, diminished bowel 
movements, orthostatic hypotension, seizures and coma. 

Sympathomimetic syndrome can be induced by amphetamine, beta-adrenoceptor 
stimulants, ephedrine, theophylline, caffeine overdose and cocaine. Its clinical 
signs and symptoms are bronchospasm, hyperthermia, extreme hypertension, 
cardiac arrhythmias, myocardial ischemia, seizures, mydriasis, diaphoresis, 
acute psychosis and bruxism. 

Autonomic neuropathy is a term used for various conditions characterized by 
disorders of the autonomic nervous system. Autonomic dysfunctions are well 
recognized as complications of peripheral neuropathy, but can also be produced 
by drugs such as antineoplastics and ergot compounds. The clinical 
signs/symptoms/consequences of such conditions are excessive fatigue, 
polydipsia, dizziness (often associated with orthostatic hypotension and even 
syncope), blood pressure or heart rate fluctuations, mydriasis, neurogenic 
bladder dysfunctions, gastroparesis, constipation, excessive or lack of sweating, 
and sexual dysfunctions. 


Drug-Induced Muscle Disorders 


Disorders of Neuromuscular Junctions (NMJs) relate to disturbances of the 
synapses at the point of contact between nerve terminals and muscular fibers, 
which specialize in conversion of presynaptic nervous influx into postsynaptic 
action potential. The neurotransmitter acetylcholine is responsible for its integrity. 
Drugs that impair neuromuscular transmission include anesthetics (general and 
local), antibiotics, antiepileptics, botulinum toxin, benzodiazepines, anti- 
arrhythmics, calcium channel blockers, beta-adrenergic blockers, neuromuscular 
blocking agents and miscellaneous drugs (chloroquine, D-penicillamine, 
corticosteroids, interferon-alpha, psychotropic drugs, diuretics, magnesium 
sulfate, sodium lactate, statins, tetanus antitoxin and iodinated contrast 
substances). Disorders of NMJs are first characterized by muscle weakness. The 
above-mentioned drugs exacerbate myasthenia gravis or induce myasthenic 
syndromes that can spontaneously resolve following drug cessation [3, 12, 29, 
30]. 


Iatrogenic Myopathies can be induced by anesthetic agents, ACE inhibitors, 
calcium channel blockers, diuretics, antibiotics, antifungals, antiparasitics, 
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antiretroviral agents, anticholinesterase medications, antineoplastics, depolarizing 
muscle relaxants, beta-adrenergic agonists, hypolipemiants, corticosteroids, 
immunomodulators, alcohol intoxication and miscellaneous drugs (amiodarone, 
D-penicillamine, lithium, L-tryptophan, procainamide, retinoids, riluzole, 
interferon-alpha, iodinated contrast agents, cocaine, etc.). These drugs present 
direct myotoxicity, immune-mediated inflammatory myopathy or indirect muscle 
damage (e.g., drug-induced hypokalemia). 


The clinical signs/symptoms/consequences are myalgia (muscle pain, stiffness or 
cramps), myotonia (delayed relaxation of skeletal muscle after voluntary 
contraction), painless proximal myopathy (proximal muscle weakness), 
polymyositis (muscle pain, stiffness, muscle weakness), myokymia (rhythmic 
muscle rippling), hypokalemic myopathy (severe muscle weakness), depressed 
tendon reflexes, high serum levels of creatine kinase, mitochondrial myopathy 
with ragged-red fibers (myalgia, proximal generalized muscle weakness, high 
serum levels of creatine kinase), rhabdomyolysis (muscle pain, tenderness, severe 
muscle weakness, muscle swelling, serum electrolytes disturbances, 
myoglobinuria, high serum levels of creatine kinase), malignant hyperthermia 
(severe muscular rigidity, hyperpyrexia, metabolic acidosis, myoglobinuria) and 
focal myopathy (fibrous myopathy after drug injection) [3, 12, 31, 32]. 


NEUROLOGICAL COMPLICATIONS DURING DIAGNOSTIC AND 
THERAPEUTIC PROCEDURES 


Cerebral Angiography 


Cerebral angiography is performed for diagnosis or therapeutic purposes in 
patients with cerebral aneurysms, brain arteriovenous malformations, dural 
arteriovenous fistulae, cryptogenic intracerebral hemorrhage, carotid/vertebral 
arteries dissections, high-grade intracranial stenosis, cerebral arteries 
thrombolysis/thrombectomy, cerebral vasculitis, preoperative cerebral tumor 
embolization or cerebral venous thrombosis. 


The most common angiography-related neurological complication is cerebral 
ischemia, which occurs in 2% of cases (transient in 0.7%, reversible in 0.2% and 
permanent in 0.5% of patients). Iodinated contrast encephalopathy with persistent 
neurological deficit is another rare but reported complication. A higher rate of 
complications occurs in patients over 55 years of age and in patients with 
associated morbidities (cardiovascular disorders, atherosclerotic cerebrovascular 
disease, subarachnoid hemorrhage, transient ischemic attack, ete.) [33 - 35]. 
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In daily practice, diagnosis of lumbar puncture is indicated to be performed either 
urgently (suspected CNS _ bacterial/viral/fungal infections and suspected 
subarachnoid hemorrhage in a patient with a negative CT scan) or non-urgently 
(carcinomatous meningitis, tuberculous meningitis, sarcoidosis, normal pressure 
hydrocephalus, CNS vasculitis). In other cases, it is non-mandatory for diagnosis 
(multiple sclerosis, Guillain-Barré syndrome, chronic inflammatory 
demyelinating polyneuropathy, leukoencephalopathies and paraneoplastic 
syndromes). It is also performed for spinal anesthesia, intrathecal administration 
of antibiotics or contrast agents for myelography/cisternography, and intrathecal 
chemotherapy. It is contraindicated in patients with high intracranial pressure, 
coagulopathy or brain abscesses, or when there is infected skin over the needle 
entry site. 


The most common neurological complication of lumbar puncture is headache. 
This occurs in 40% of patients, more frequently in women, worsens 15 minutes 
after sitting/standing, and can be accompanied by stiffness, tinnitus, hyperacusis, 
photophobia and nausea. A severe and uncommon complication is 
supra/infratentorial brain herniation. Other complications include bleeding 
(epidural/subdural hematoma or subarachnoid/intracranial hemorrhage), 
subarachnoid block and spinal coning (when the puncture is performed below the 
level of spinal compression), cranial neuropathies, disorders of nerve root 
irritation, lower back pain and intracranial low pressure. 


Infections (meningitis) are rare and can be the result of contaminated needles, 
disseminating skin flora without adequate disinfection, performing a puncture in 
an area of infection, or introducing blood into the subarachnoid space in the 
presence of bacteremia. A few years ago (2012-2013), epidemic fungal meningitis 
(Aspergillus fumigatus, Exserohilum rostratum) was reported in the USA, caused 
by injection of contaminated methylprednisolone into the epidural compartment 
of more than 150 patients [36 - 38]. 


Organ Transplantations 


Early and delayed neurological complications may develop in 30-60% of 
recipients of solid organs. These can be related to the surgical procedure, post- 
transplant immunosuppression or opportunistic infections. Details regarding the 
immunopathology of transplantation are presented in Chapter 3. Drug-related 
neurotoxicity is a dose-dependent lesion that is primarily induced by calcineurin 
inhibitors, such as cyclosporine and tacrolimus (10-30% of patients). Other drugs, 
such as mycophenolate mofetil, rapamycin (sirolimus, everolimus), azathioprine, 
corticosteroids and monoclonal/polyclonal antibodies, can also induce 
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neurological disorders. Monoclonal/polyclonal antibodies can cause aseptic 
meningitis in 5-10% of patients. 


Opportunistic infections of the CNS affect 5-7% of transplanted patients, with a 
reported mortality rate of 75-90%. Moreover, neurological complications are the 
primary cause of death in approximately 20% of transplant recipients. Bacterial 
infections primarily occur within the first two months, whereas viral and fungal 
infections occur at about six months post-transplant [39, 40]. 


Neurological Complications of Liver Transplantation 


About 13-47% of patients receiving liver transplantation present neurological 
complications. The most common complications are tonic-clonic seizures, which 
emerge in 40% of patients. Central pontine myelinolysis is reported in 1-8% of 
recipients (usually in alcoholic and malnourished patients). Other complications 
include mononeuropathies (2-13%), acute myopathy (7%), brachial plexopathy 
(1-5.8%), polyneuropathies (1.5-10%), cerebrovascular disorders (3-6.5%), CNS 
opportunistic bacterial/viral meningitis/meningoencephalitis (5%), and post- 
transplant encephalopathy (caused by the presence of pre-transplant 
encephalopathy, complex metabolic disturbances, medication toxicity or CNS 
infections) [41]. 


Neurological Complications of Heart Transplantation 


In heart transplanted patients, the rate of neurological complications varies from 
23% in the perioperative period to 13% in the first month and 18% in the first 10 
years following surgery. The main risk factors are previous morbidities, such as 
stroke, transient ischemic attack, diabetes mellitus, and renal failure. 


Perioperative complications include cerebrovascular disorders that occur in 4- 
42% of patients (ischemic stroke is the most common complication, but 
hemorrhagic stroke, post-anoxic encephalopathy, seizures and transient ischemic 
attacks can also appear) and peripheral nervous system complications (brachial 
plexopathy, peroneal nerve neuropathy, vocal cord paralysis). 


Postoperative complications are cerebrovascular disorders that occur in 9% of 
patients (ischemic stroke — 60%, transient ischemic attacks — 28%, hemorrhagic 
stroke — 12%), depression (28%), polyneuropathy (18%) and seizure (4%). 
Neurological-related death emerges in 8% of patients who die in the first year 
following intervention [42 - 44]. 


Neurological Complications of Renal Transplantation 


The incidence of neurological complications in kidney transplanted patients is 
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about 10-20% more common in elderly patients (over 65 years of age) and 
patients with diabetes mellitus. Bacterial/fungal/viral infections of the CNS occur 
in 5-10% of patients, being associated with a high rate of mortality. Other 
complications include cerebrovascular disorders (8%), peripheral neuropathy 
(uremic polyneuropathy improves after transplantation, but may persist in patients 
who have been on dialysis for years prior to transplant), metabolic disorders 
(uremia, hyperglycemia, hypercalcemia, hypo-/hypernatremia, hypo-/hyper- 
potassemia, hypomagnesemia), posterior reversible encephalopathy syndrome 
(0.5%) and genesis of brain malignant tumors (lymphomas and brain metastases 
of immunosuppression-related cancers) [45 - 47]. 


Post-Transplant Lymphoproliferative Disorders of the CNS 


These are uncommon (2-7% of recipients) but severe complications of the CNS 
that develops in immunosuppressed recipients of solid organs, bone marrow and 
stem cells. The spectrum of diseases ranges from EBV-driven polyclonal 
proliferations to EBV+ or EBV- malignant lymphomas, most of which having B- 
cell phenotypes [48, 49]. Details regarding these disorders are presented in 
Chapter 3. 


Radiation Therapy 


Radiation therapy, which was explored in Chapter 2, may induce 
dose/volume/time-dependent damage to the nervous system. This can involve 
direct neurological damage or the consequences of radiation-induced injuries of 
the blood vessels supplying the brain or the endocrine organs necessary for 
normal nervous system functioning. The most common radiation-induced 
neurological complications are the following [50 - 52]: 


e Acute encephalopathy occurs within hours or days of large radiation fractions 
given to patients with high intracranial pressure. It usually emerges after the first 
radiation session, presenting as headache and nausea and gradually becoming 
less severe. 

e Early delayed encephalopathy, which is thought to be the result of 
demyelination, usually begins in the second or third month after irradiation. If 
the patient has a glioblastoma, the symptoms can simulate tumor progression 
(“pseudoprogression”’). A rare and serious form of this lesion is brainstem 
encephalopathy, occurring as a result of radiation of posterior fossa tumors. This 
presents as ataxia, diplopia, dysarthria and nystagmus. 

e Late delayed radiation necrosis usually begins one to two years following 
completion of radiotherapy for a brain or head and neck tumor. The clinical 
picture can mimic a tumor recurrence. 

e Cerebral atrophy often follows prophylactic whole-brain irradiation (in acute 
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leukemia) and may be accompanied by periventricular leukoencephalopathy, 

presenting with memory loss, gait abnormalities and urge urinary incontinence. 
e Early delayed radiation myelopathy is common following irradiation of the neck 
and starts within weeks after the initiation of radiotherapy. Symptoms (an 
electrical sensation that runs down the back and into the limbs) are thought to be 
attributable to demyelination of the posterior columns of the spinal cord 
(Lhermitte’s sign). 
Late delayed radiation myelopathy appears in two forms. The first and most 
common form is characterized by progressive myelopathy, which appears 
between months and years following radiotherapy. Myelopathy progresses 
subacutely over weeks or months as spastic paraparesis or quadriparesis 
(transverse myelopathy). The second form is a rare motor neuron syndrome that 
follows pelvic irradiation. It occurs between months and years following 
irradiation and is characterized by flaccid paraparesis. 
Cranial nerves injuries present as smell and taste disorders (following cranial 
radiotherapy), optic neuropathy (progressive monocular or bilateral blindness 
occurring between seven and 26 months after cranial radiotherapy), and hearing 
loss. The hypoglossal nerve can be injured following neck irradiation, with 
damage to the recurrent laryngeal nerve and sympathetic fibers being associated 
in some cases. 
Peripheral nerves injuries can be early or late effects of radiotherapy. For 
example, delayed radiation brachial or lumbosacral plexopathies can occur 
months to years after radiotherapy performed for breast or testicular 
malignancies. 
Radiation-induced cerebral tumors such as meningiomas, gliomas or 
lymphomas can appear years to decades after irradiation of nervous tissue. 
Cerebrovascular abnormalities include the narrowing of large intracranial or 
extracranial blood vessels (radiation arteriopathy, occurring months to years 
after radiotherapy), vascular anomalies development (cavernous hemangiomas), 
transient ischemic attacks and cerebral infarction. 
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CHAPTER 15 


The Endocrinology and Iatrogenesis 


Imre Kun“ 
Department of Endocrinology, University of Medicine and Pharmacy, Tirgu-Mures, Romania 


Abstract: Iatrogenicity is inherent to endocrinology, being a consequence of treatment 
(e.g., use of thyroid hormones in large doses to suppress thyroid stimulating hormone 
[TSH] in thyroid cancer) or occurring due to a lack of patient compliance (e.g., lack of 
adequate controls in chronic diseases, such as Hashimoto’s chronic thyroiditis). Quite 
often, it is induced as a side effect of medicines (e.g., long-lasting use of antithyroid 
agents or glucocorticoids). In this chapter, we review the most important iatrogenic 
effects, according to the main features of endocrinology. We present certain drugs that 
can trigger particular syndromes, such as the syndrome of inappropriate antidiuretic 
hormone secretion (SIAHS), along with preparations with pitressin and complications 
of treatment performed for pituitary adenomas, potential complications of drugs used to 
treat pituitary insufficiency in children and other specific features constituting required 
knowledge for medical practitioners. All therapeutic modalities of hyperthyroidism 
(medical, surgical, radioiodine) can cause iatrogenic pathology. For example, the 
euthyroid state is a sine qua non condition of thyroid surgery (except the thyrotoxic 
storm in advanced stages). Radioiodine treatment, in tum, has its own 
contraindications. Iodine-containing preparations can activate thyroid autonomies and 
aggravate autoimmune thyroiditis and overt hyperthyroidism. In hypothyroid elderly 
and cardiac patients, the thyroid hormone substitution must be applied only after initial 
cardiovascular treatment, in small, gradually increasing doses. In Addison’s disease, 
indication of dietary salt reduction alongside glucocorticoid substitution, or the lack of 
increase in glucocorticoid dose in acute injuries, are serious iatrogenic complications. 


Keywords: Acromegaly, Adrenal glands, Amiodarone, Antithyroid agents, 
Gonads, Hypercalcemia, Hyperthyroidism, Hypothyroidism, Octreotide, 
Thyroiditis. 


INTRODUCTION 


In endocrinology, iatrogenic lesions are inherent to the treatment of disease (e.g., 
administration of large doses of thyroid hormones to substitute and suppress 
thyroid stimulating hormone [TSH] in the treatment of thyroid cancer), while in 
other circumstances, lesions appear due to lack of patient compliance (e.g., lack of 
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regular controls during treatment of diseases requiring long surveillance, as in the 
case of Hashimoto’s chronic thyroiditis). Quite often, such lesions are induced as 
side effects of medicines (e.g., long-lasting use of antithyroid agents or 
glucocorticoids), or by other therapeutic measures used in endocrinology or in 
associated diseases. In this chapter, the most important iatrogenic effects from the 
perspective of endocrinology will be reviewed. 


IATROGENIC PATHOLOGY OF THE HYPOTHALAMIC-PITUITARY 
AXIS 


Schwartz-Bartter Syndrome 


Also known as inappropriate ADH secretion or as the syndrome of inappropriate 
antidiuretic hormone secretion (SIADH), this condition can be triggered by drugs 
such as vincristine, digitalis, some diuretics, morphine, carbamazepine, 
chlorpropamide, clofibrate, clozapine, cyclophosphamide, phenothiazines, 
tricyclic antidepressants, anesthetics, serotonin reuptake inhibitors, oxytocin, 
prostaglandin synthesis inhibitors, nicotine, omeprazole, ACE-inhibitors and 3,4- 
methylenedioxymethamphetamine (MDMA or “ecstasy”, a psychostimulant and 
hallucinogenic drug). An iatrogenic disorder can develop when during the 
treatment of this syndrome (in its acute or chronic form), hyponatremia is 
corrected too quickly, triggering osmotic demyelination syndrome (spastic 
tetraparesis due to pontine demyelination, pseudobulbar palsy, dyskinesia) and 
diffusing the brain injury [1]. 


ADRs in Patients with Diabetes Insipidus 


In the treatment of diabetes insipidus, rarely used preparations including pitressin 
(Pitressin®, Pitressin tannate®) can trigger, via a direct vasoconstrictor effect, 
coronary artery spasm, hypertension or abdominal colics. The primarily preferred 
drug is desmopressin, a synthetic analog of vasopressin in the form of nasal drops 
(Adiuretin®, Minirin®), or sublingual tablets (Minirin Melt*). Chlorpropamide, 
carbamazepine and clofibrate are active in partial forms of central diabetes 
insipidus, but they are today considered outdated for this purpose (weak action, 
danger of hypoglycemia after chlorpropamide). 


Complications Occurring in Patients with Pituitary Adenomas 
Therapy-Related Complications 


The general management of pituitary adenomas raises therapeutic problems 
related to neurosurgical, radiological and conservative treatments. Each of these 
can be associated with specific complications. 
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Neurosurgical Treatment — in addition to more complete removal of adenomas, 
the main objective of this treatment is to minimize pituitary and brain injuries 
related to intervention, realizing selective removal of adenomas. Therefore, total 
nonselective hypophysectomy is currently only practiced exceptionally, even in 
advanced forms, in preference for subtotal hypophysectomy in nonselective or 
even selective forms. The ideal solution is a selective adenomectomy. Regarding 
the surgical approach, the transsphenoidal method and microsurgery are expected, 
and only in forms in which the upper (to the hypothalamus) or lateral extension 
transcranial (transfrontal) approach is the treatment of choice. 


Radiation Therapy exerts its pituitary effects very slowly (for 0.5-10 years and 
over) and induces many adverse events, primarily pituitary insufficiency and 
secondary brain tumors (glioma, meningioma). More recently, an increased 
incidence of cerebrovascular disease has been reported after radiotherapy, 
increasing the mortality rate of irradiated patients (in cases of acromegaly). 
Therefore, irradiation is only practiced in selected cases, whether or not combined 
with other therapeutics, the treatment details of which are beyond the scope of this 
work. 


Stereotactic Radiosurgery is used to avoid adjacent brain tissue injury via more 
precise targeting. The radiation source may be a linear accelerator (linac), or 
cobalt (gamma-knife). Irradiation with heavy particles (e.g., proton radiosurgery) 
can be achieved only in a few specialized centers, requiring a cyclotron. 
Radiosurgery may be applied when the tumor is relatively small and 
radiosensitive structures (optical pathways, the brainstem) are not in the vicinity 
of the lesion. The ideal target of radiosurgery is a small residual tumor, located in 
the cavernous sinus. If the tumor cannot be precisely located, fractional 
radiotherapy must be applied to the entire likely tumoral area. 


Conservative Treatment for any histological type of pituitary adenomas will be 
discussed below. 


ADRs and Other Complications 


Prolactinoma and Hyperprolactinemic States — the dopaminomimetic 
bromocriptine is the most commonly used drug for patients with prolactinoma. 


We must take care that its dose is increased gradually, starting with low doses — 
typically 1.25 mg/day (in oral administration, after going to bed in the evening) — 
which may be increased to 5-7.5 mg/day. If this requirement is not met, a number 
of side effects will occur (these will be discussed below, in the section regarding 
treatment of acromegaly, which involves use of this drug in much higher doses, 
reaching 10-30 mg/day). These doses are very difficult for patients to support, and 
are not even tolerated by many patients. Cabergoline (Dostinex?) is another D,- 
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receptor agonist used in prolactinoma, having much higher and longer-lasting 
efficacy, and much fewer gastrointestinal side effects than bromocriptine. After a 
period of time, a resistance to bromocriptine may be developed (in this case 
cabergoline may be chosen), but resistance to the other dopaminergic agonists, 
including cabergoline, can also appear. Although the criteria for resistance put 
forth by several authors are different, its incidence is estimated to be about 24- 
36% (for bromocriptine) and 4-11% (for cabergoline) regarding their prolactin 
(PRL) and tumor size reducing effect, respectively [2]. The quinagolide 
(Norprolac*) has an efficacy comparable to that of bromocriptine; its side effects 
are similar but of lower intensity, and it may be used in cases of bromocriptine 
resistance. Potentially causing congenital malformations, it is contraindicated 
during pregnancy (when necessary — for instance, in evolutive macro- 
prolactinomas — bromocriptine is mainly used, and cabergoline can also be 
administered to pregnant women). Very rarely, hypophysis apoplexia is induced 
by dopamine agonists. After cessation of their use, a rebound phenomenon can 
occur. Besides prolactinomas, hyperprolactinemic states can be determined by 
many other factors, among these being antidopaminergic medicines, neuroleptics 
and antidepressants. These drugs can induce amenorrhea-galactorrhea syndrome. 
The cessation of antipsychotics results in the normalization of PRL levels — within 
three or four days for phenothiazines, but only after long periods in the case of 
some antidepressants. There are also exceptions, such as clozapine, ziprasidone 
and aripiprazole, that do not provoke hyperprolactinemia [3]. 


Acromegaly is commonly induced by pituitary acidophilic adenomas secreting 
GH and the first choice of treatment is neurosurgery. The efficacy of this 
treatment is 70-80% for microadenomas, 65-70% for well-defined 
macroadenomas, but only 30% for invasive forms. In young people who require 
conservation of procreative capacity (knowing that the surgery can lead to 
pituitary insufficiency), and in patients who do not accept intervention, it is 
recommended that conservative treatment be first pursued, preferring preparations 
with long-acting octreotide. Radiotherapy has the disadvantage of acting only 
after a long latency period, ranging from six months to 10 years. For this reason, 
radiation therapy is typically used only in combination with neurosurgical and/or 
conservative treatment. Conservative treatment with octreotide and its analogs 
(lanreotide, octreotide-LAR, pasireotide) is usually well tolerated, the most 
common side effect being the risk of gallstone formation. Resistance to these 
drugs is infrequently reported. It has already been mentioned that dopamine 
agonists are also used in acromegaly, e.g., bromocriptine, but in much higher 
doses (10-30 mg/day) than in prolactinoma treatment. These doses cause 
important side effects, including orthostatic hypotension and even collapse, 
gastric irritation phenomena (nausea, vomiting), Raynaud syndrome and 
sometimes psychotic manifestations. Cabergoline (used in acromegaly in higher 
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doses of 1-4 mg/week) is thought to be the strongest dopaminomimetic in 
acromegaly, being effective in 20-25% of patients. While in lower doses it can 
cause adverse effects, such as hypotension, in higher doses after long-lasting use 
(as in Parkinsonism and acromegaly, e.g., total doses of 280 and 400 mg), it can 
provoke tricuspid regurgitation and valvular lesions, respectively [2]. In some 
cases, cabergoline aggravates optochiasmatic syndrome, which disappears after its 
cessation or continuation of treatment with bromocriptine. The explanation for 
this is not clear, though it is possibly attributable to a rapid reduction of tumor 
size and consecutive traction of the chiasm, or a toxic effect of cabergoline. In 
such cases, not only should the PRL level and tumor size be evaluated, but also 
the visual field should be examined. 


Cushing’s Disease is induced, in the vast majority of cases (85-90%), by a 
pituitary microadenoma. In these cases, the first treatment of choice is usually 
neurosurgery, which has 65-90% postoperative efficacy. In the case of 
macroadenomas (about 10% cases), only partial tumor resection or debulking is 
usually possible, the remission rate of patients being under 15%. In specialized 
institutes, neurosurgical complications are rare: early mortality is about 0-3%, 
pituitary insufficiency may appear in 2-41% of cases, permanent diabetes 
insipidus in 3-9%, cerebrospinal fluid leak in 0-8%, meningitis in 0-3%, new 
neurological deficit symptoms in 0-2%, thromboembolic and ear-nose-throat 
complications in 0-4%, and SIADH in the later postoperative periods [2]. 
Regarding conservative treatment, cabergoline (1-3 mg weekly) reduces not only 
ACTH and cortisol secretion, but also tumor size, being effective in about 25-30% 
of patients. The type 5 somatostatin receptor is highly expressed in corticotroph 
tumors, and this fact explains the efficacy of the new octreotide analog, 
pasireotide, acting mainly on these receptors. About 25-40% of patients respond 
with clinical and biochemical impairment. Besides gastrointestinal side effects 
(diarrhea in 58%, nausea in 52%), hyperglycemia is often provoked (40%), which 
can require treatment [4, 5]. The use of ketoconazole (Nizoral®), an imidazole- 
derived antimycotic acting predominantly on the adrenal cortex, is restricted 
because it is noted for hepatotoxicity [6]. Of the adrenolytics, o, p’-DDD 
(Mitotane, Lysodren*) is very toxic (its side effects include gastrointestinal 
problems in 70-80% of cases, neurological effects in 45-60%, gynecomastia, 
dermatological lesions and adrenocortical failure), and is used mainly in adrenal 
carcinomas and ectopic ACTH secretion. Metyrapone (Metyrapone®, 
Metopirone®) blocks the enzyme 11f-hydroxylase, has a prompt but short 
duration effect, and is today relatively rarely used (in surgical non-cure contexts). 
Similarly, etomidate (Amidate*®) has a rapid action, being a general anesthetic 
with an intravenous route of administration. It is indicated for seriously ill patients 
who cannot take medicines orally. In these patients, etomidate can be a lifesaver. 
The steroid receptor antagonist mifepristone also has a rapid effect, being 
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important in the treatment of acute psychosis induced by hypercortisolism. 
Reducing the initial cortisol level may result in hypersecretion of ACTH and lead 
to hypercortisolism. These high levels of cortisol, through stimulation of 
mineralocorticoid receptors, may induce hypokalemia [6]. 


In the treatment of Cushing’s disease, bilateral adrenalectomy is rarely used 
today. This method is reserved for cases in which all other treatment methods 
have proven ineffective, especially in emergency situations. The adrenalectomized 
patient requires adequate substitution treatment and is permanently exposed to 
acute adrenal insufficiency, so it is very important to apply the corresponding 
prevention methods (rigorous control of the patient’s medical documents, 
including the interventions required in the case of intercurrent diseases). 
Following total bilateral adrenalectomy, Nelson’s syndrome can emerge. This 
syndrome is also called corticotroph tumor progression (CTP), presumably 
because the tumor existed before the adrenalectomy. The operation promotes only 
the progression of adenoma, through a lack of negative feedback (e.g., the absence 
of the ACTH-suppressing effect of an adequate cortisol level). It is a very 
aggressive macroadenoma, associated with symptoms of adrenal failure. In 25- 
50% of cases, it may be prevented through postoperative pituitary irradiation and 
adequate corticosteroid substitution [7]. 


Thyrotroph_Adenomas are very rare, and the majority secret only thyroid 
stimulating hormone (TSH). The first treatment of choice is neurosurgery, but this 
resolves only 40% of cases. Octreotide and its long-acting derivatives (lanreotide 
SR or Autogel, octreotide-LAR) are effective in about 80% of patients. The 
presence of dopaminergic receptors permits the therapeutic action of cabergoline, 
it being preferred in mixed, TSH- and PRL-secreting tumors. In some 
therapeutically resistant cases, thyroidectomy, radioiodotherapy or antithyroid 
agents are used. The treatment aims to reduce the thyroid hormone levels, 
excluding or reducing the negative feedback mechanism exerted on the TSH 
secretion, and promoting the growth and aggression of TSH-secreting adenoma 


[8]. 


Gonadotropin-Secreting and Clinically Nonfunctioning Pituitary Adenomas can 
cause hypogonadism and other manifestations of pituitary failure. In 
macroadenomas and in progressive cases, neurosurgical intervention and 
hormonal correction of pituitary insufficiency are necessary. Octreotide, its 
analogs and dopamine agonists are only rarely efficacious. In microadenomas and 
non-evolutive tumors, the “wait and see” principle may be respected. 


Pituitary Insufficiency in Children (pituitary dwarfism) — the main treatment for 


this condition involves recombinant human-type growth hormone (rhGH) 


Endocrinology and Iatrogenesis Textbook of Iatrogenic Pathology 237 


preparations. For a long time, GH pituitary extracts obtained from cadavers were 
used in clinical practice. These often caused infection with prions, such as 
Creutzfeldt-Jakob disease (spongiosus encephalitis), and are therefore strictly 
contraindicated under present conditions. The preparations used today contain 
rhGH, obtained via genetic engineering methods (e.g., Genotropin®, Norditropin*, 
Humatrope*, Saizen*, etc.). These preparations do not represent such a risk, but 
their contraindications must also be respected, as they can cause diabetes mellitus, 
may promote malignant cell proliferation, and very rarely can lead to 
epiphysiolysis capitis femoris. In situations of this kind, the mentioned 
preparations are contraindicated. Preparations containing IGF-I (e.g., Increlex* 
containing mecasermin), used for the treatment of primary IGF-I deficiency due 
to GH-resistance and some cases of GH-deficient dwarfism, can induce 
hypertrophy of the thymus and tonsils, headache, hypoacusis, sleep apnea, 
hypoglycemia, local lipodystrophy and cardiovascular complications. If there is 
polytope pituitary insufficiency, peripheral hormones, which are hyposecreted or 
absent, must also be substituted in addition to administration of preparations 
containing GH. However, care should be taken to ensure these are administered in 
doses small enough to avoid premature closure of growth plates. When polytope 
pituitary insufficiency and hypothyroidism coexists, treatment must be initiated 
with thyroid hormones because these favor the secretion and action of GH. 
Similarly, when T, levels are found to be in the lower third of the normal range, 
this must be consistently monitored and, if the level falls below the normal limit, 
T, must be associated. Taking into account the fact that glucocorticoids reduce the 
secretion and action of GH in children, in the majority of cases, before the closure 
of growth plates, they must be avoided, excepting emergencies (in cases of stress 
and intercurrent infections). This recommendation is also valid for their 
therapeutic use (e.g., in chronic obstructive pulmonary disease [COPD], nephrotic 
syndrome, rheumatoid polyarthritis). If central hypogonadism is also present, the 
administration of sexual hormones must be postponed until after the patient 
reaches the age of 12-13 years, to avoid the premature closure of growth plates. 
Due to the imperfections of methods used for the diagnosis of pituitary 
insufficiency in children, the diagnosis cannot yet be confirmed for a large portion 
of patients treated with rhGH for long periods, and these patients much be 
reexamined post-puberty. 


Pituitary Insufficiency of Adults — in these patients, it is mandatory to respect the 
order in which various peripheral hormones are introduced. The order of their 


introduction is the reverse of the usual emergence sequence of adenohypophysial 
hormones’ hyposecretion — that is to say, it starts with glucocorticoid substitution, 
continues with thyroid hormones, and only then (and not always) with the 
replacement of sex hormones. If this order is not followed, the premature 
administration of thyroid hormone (before glucocorticoids) may lead to the 
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decompensation of adrenocortical insufficiency. It should also be noted that the 
use of estrogens is contraindicated in prolactinomas, as these hormones may 
promote the proliferation of prolactinoma cells. 


Pituitary GH Deficiency in Adults is a very real problem. Two categories of 
patients are enrolled: the first represents those who, in their childhoods, were 
treated with rhGH for pituitary insufficiency, while the second represents those 
whose diagnosis was made in adulthood (having “somatopause’”’). For the first 
category, upon reaching 18 years of age, the doses of rhGH must be reduced (to 
0.01 mg/kg/day) in the majority of cases (after a transition period of rhGH 
interruption for six months, and retesting the patient to confirm the diagnosis), to 
avoid the side effects of GH. In the second “somatopause” group, presenting 
asthenia, hypoglycemia, reducing the muscular mass and increasing that of 
adipose tissue, impairment of quality of life, initial doses of 0.15-0.3mg/day must 
be applied (the doses can later be increased to a maximum of 0.66-1.0 mg/day). In 
cases of overdose, fluid retention, edema, myalgia, polyarthritic pain and other 
complications can develop. The contraindications of rhGH are the following: 
malignant tumors (and their suspicion), proliferative diabetic retinopathy, 
intracranial hypertension (irrespective of its etiology), pregnancy, alcoholism, 
drug dependency and poor compliance. States that evidently reduce the use of 
rhGH are: severe chronic illness, lactation period, untreated or resistant 
hypertension, treatment with glucocorticoids for pharmacodynamic purposes, age 
greater than 70 years and treatment for acromegaly (unless controlled). 


Peripheral Endocrine Glands Extirpation leads to loss of negative feedback 
mechanisms, intensification of secretion of pituitary tropic hormones and pituitary 
cell proliferation. This especially occurs when the substitution treatment is not 
properly applied. Thus, after thyroidectomy with long-term untreated 
hypothyroidism, hyperplasia and, rarely, reactive TSH-secreting pituitary 
adenoma can develop. Following castration and other peripheral hypogonadisms, 
pituitary gonadotropin-producing “castration cells” proliferate. After bilateral 
adrenalectomy, aggressive ACTH-secreting adenoma (Nelson’s syndrome) can 
occur. 


Empty Sella (Turkish saddle) Syndrome gives rise to two iatrogenic problems. 


The first is the need to differentiate this condition from pituitary adenoma, which 
presents similar imaging, and the incorrect diagnosis of which could lead to 
inadequate treatment (surgery or radiation). A second problem is that, in a third of 
patients with empty sella syndrome, pituitary failure emerges. In these patients, 
substitution treatment is required. 
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IATROGENIC PATHOLOGY IN THYROIDOLOGY 
Hyperthyroidism 


In this area, iatrogenic pathology is more common considering the high 
prevalence of thyroid diseases. Thus, in the treatment of hyperthyroidism 
(including Basedow-Graves’ disease) each form of treatment (conservative, 
surgery and radioiodine) can lead to iatrogenic side effects. 


Conservative treatment — ADRs — the antithyroid agents thioamides produce 
many side effects, including allergic reactions and hematopoietic disorders 
(primarily leukopenia, which can sometimes lead to agranulocytosis, anemia and 
thrombocytopenia). Thioamides can also cause gastric disorders (pain, reduced 
appetite), liver lesions, headache, muscular pain, etc. Other antithyroid agents, 
such as perchlorates, are mainly used for the short treatment special forms of 
hyperthyroidism (e.g., in iodine-induced forms), and can sometimes cause 
nephrotic syndrome and irreversible aplastic anemia. 


Lithium has important potential therapeutic value in some severe forms of 
Basedow-Graves’ hyperthyroidism. Its long-term administration (e.g., in bipolar 
disease) can lead to hypothyroidism (in 34-52% of cases) and goiter; in this 
situation T, preparations must be administered [9]. This may induce cardiac 
arrhythmias and other cardiac lesions, diabetes insipidus, diarrhea, ataxia and 
tremor. It has a narrow safety margin, so may be employed only for short 
treatments in endocrinology under regular monitoring of serum lithium levels. It 
has the important advantage of stimulating hematopoiesis. On the other hand, in 
association with clozapine, it can induce agranulocytosis (which is to say, it 
cannot reverse the action of clozapine). 


It is known that patients with hyperthyroidism can develop atrial fibrillation. 
Although relatively rarely associated with thromboembolisms, given that there is 
blood hypocoagulability in these states, in some cases (depending on the 
homocysteinemia), irreversible injury or death can occur. Prevention of 
thromboembolism can be ensured via anticoagulant therapy. At present, however, 
the criteria of their therapeutic introduction are not yet precisely elaborated. 
However, any patient with atrial fibrillation or with a history of underlying heart 
disease or thromboembolic complications requires permanent anticoagulation 
after they reach 50 years of age [10]. 


Endocrine ophthalmopathy (usually associated with Basedow-Graves’ disease or 
Hashimoto’s chronic thyroiditis) may worsen when the treatment of the 
underlying disease is too insistent, leading to hypothyroidism. Furthermore, 
radioiodotherapy or surgery may aggravate the disease if not administered 
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previously and after high-dose glucocorticoid therapy. Smoking is another 
aggravating factor to be completely contraindicated. Starting with stage III/b of 
ophthalmopathy, this condition requires active, aggressive treatment, including 
glucocorticoids in high doses, with immunosuppressive effects. Contraindications 
of glucocorticoids (which are not detailed here) must be respected. We note, 
however, that their administration for short time periods (e.g., on three 
consecutive days) in extremely large doses (0.5-1 g/day) in intravenous bolus 
usually does not lead to their well-known (metabolic and other) complications. It 
is also noteworthy that these heroic treatments are effective only in active phases 
of endocrine ophthalmopathy. Retrobulbar irradiation can be performed in 
advanced stages of ophthalmopathy, but is contraindicated in optic neuropathy 
associated with altered visual field or rapid alteration of visual acuity. Another 
contraindication is diabetic retinopathy, which may be aggravated. 


Treatment with radioactive iodine has some absolute contraindications, such as 
pregnancy, lactation, desire to conceive in the next six to 12 months, and 
suspected thyroid cancer. Relative contraindications are youth (specific age being 
dependent on medical school policies), large goiters, presence of compressive 
phenomena, severe/untreated hyperthyroidism, contamination with iodine and 
other situations in which the thyroid cannot capture radioactive iodine. The 
administration of usual doses of iodine preparations for the prophylaxis and 
treatment of endemic goiter does not usually lead to complications. However, in 
the case of nodular goiters, which may prove to be autonomous adenomas or other 
thyroid autonomies, we must be very cautious, avoiding the use of iodine in any 
form (medicines such as amiodarone, expectorants with iodine, antiseptic 
substances, iodine-containing radiological contrast agents, efc.). In thyroid 
autonomies, iodine can trigger a hyperthyroidism/iodine-induced thyrotoxicosis. 
Iodine preparations are contraindicated in florid hyperthyroidism and in 
Hashimoto’s autoimmune lymphocytic thyroiditis. Regarding indications of 
iodine-containing preparations, we must analyze with responsibility the 
relationship between the benefits and risk of their administration. Thus, in cases 
of emergency (e.g., myocardial infarction requiring a coronary angiography with 
an iodinated contrast agent), preparations containing iodine can be used, once 
appropriate measures are taken. First, a brief thyroidological history and clinical 
investigation (palpation of the thyroid, heart rate appreciation) is required and, in 
cases of doubt, hormonal determinations should be performed. If, on the basis of 
these measures, the risk of hyperthyroidism/thyrotoxicosis caused by iodine is 
found to be low, potassium perchlorate should be administered. The initial doses 
of potassium perchlorate are 0.5 g at two to four hours before and after 
introduction of iodized substance, and then continuation of the treatment at a dose 
of 3x0.3 g/day for between seven and 10 days. If the risk of 
hyperthyroidism/thyrotoxicosis is high, these drugs should be associated with 
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methimazole (Thyrozol"*), 20 mg/day for between seven and 10 days. In the case 
of overt hyperthyroidism, if iodine cannot be avoided in any way, the above- 
mentioned initial treatment with potassium perchlorate should continue, 
administered in doses of 3x0.3 g/day for 14 days, along with methimazole 40 
mg/day for 14 days, subsequently decreasing the dose depending on the patient's 
condition. If the administration of iodine is not urgent, the time should be taken to 
perform complete thyroidological investigations and, in cases of hyperfunction, to 
carry out a proper treatment, which may include ablative therapy (surgery or 
radioiodine). 


A special problem is the administration of amiodarone in patients with or without 
thyroid disorders. Amiodarone is rich in iodine (a 200 mg tablet contains 75 mg of 
iodine, of which 6 mg is absorbed) and can cause thyroid disorders, including 
amiodarone-induced hypothyroidism (AIH) or thyrotoxicosis (hyperthyroidism 
[AIT type I], especially in patients with preexisting thyroid diseases, or 
destructive thyroiditis [AIT type HJ). In iodine-induced hyperthyroidism 
(including amiodarone), thioamides must be associated with perchlorates and 
often even lithium carbonate (although the latter has several side effects). If the 
iodine preparations (including amiodarone) cause a toxic thyroiditis, 
antiphlogistic treatment is required with adequate doses of corticosteroids (e.g., 
prednisone or methylprednisolone — Medrol’). Mixed forms (hyperthyroidism 
with thyroiditis, in about 25% of cases) require both antithyroid and antiphlogistic 
treatments. Discontinuation of amiodarone is not necessary in hypothyroidism 
(AIH), which just requires T, treatment, but is recommended in hyperthyroidism 
(AIT type I). AIT type II (destructive thyroiditis) is a self-limiting disease and 
continuing amiodarone is suitable as it does not pose serious danger. However, 
this is a controversial issue. This form may rarely present recurrence under 
amiodarone, which can be easily treated. We have no data on whether the 
glucocorticoids shorten the time within which euthyroidism is achieved. After 
restoration of euthyroidism due to interruption of amiodarone, this drug is 
reintroduced. Recommendations regarding prior thyroidal treatment are 
controversial [11]. 


Iatrogenic Thyrotoxicosis clinically resembles the above-mentioned exogenous 
thyrotoxicosis, but is caused by unfounded medical indication of thyroid hormone 
preparations. In highly differentiated thyroid cancer treatment, the physician 
should administer high doses of thyroid hormone for substitution and suppression 
of endogenous TSH. The manifestations of hyperthyroidism at different ages and 
physiological states also raise the possibility of iatrogenic pathology. Thus, 
hyperthyroidism in pregnant women often manifests itself through hyperemesis 
gravidarum, not being diagnosed as an endocrine entity and thereby failing to 
receive adequate treatment. It is preferable that, in hyperthyroidism during 
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pregnancy, propylthiouracil (Propycil*) is initially administered as this fixes to 
proteins to a greater extent, crossing the placental barrier less than other usual 
antithyroid drugs. This is recommended for use during lactation, too, for similar 
reasons. However, propylthiouracil can also induce hepatotoxicity. Therefore, it is 
only recommended in the first three months of pregnancy, switching after this 
point to methimazole administration (methimazole is not recommended in the first 
trimester, due to its rarely encountered teratogenic effect). However, methimazole 
can be used throughout the whole pregnancy if propylthiouracil allergy or a poor 
clinical response to it is present [12]. Another problem frequently encountered in 
hyperthyroidism is its difficult recognition in elderly patients, often appearing as 
an unusual, apathetic form (“apathetic” hyperthyroidism), or as thyroid 
autonomy. In some cases, cardiac arrhythmias (e.g., atrial fibrillation) treated 
with antiarrhythmics without results over a long period indicate 
hyperthyroid/thyrotoxic origin (induced, for example, by thyroid adenoma). 
Treatment of this condition, then, leads to cessation of atrial fibrillation. 


In the case of thyrotoxicosis factitia, when the patient takes thyroid hormone 
preparations unadvised by physician (e.g., for slimming purposes), medication 
cessation leads with time to euthyroidism. Exogenous thyrotoxicosis of the 
“hamburger ” type, induced by excessive consumption of foods containing animal 
thyroid, is rare and reversible. 


Surgery — in addition to its net benefits, thyroidectomy presents certain dangers 
and disadvantages. Operative lethality is low (0.1-0.5%) but exists. Its frequent 
cause is the realization of intervention in a thyrotoxic state in a patient not 
properly prepared for operation. This leads to the result that the euthyroid state is 
a sine qua non condition of thyroid surgery (excepting the thyrotoxic storm in 
advanced stages, with impaired patient consciousness and the possibility of 
patient death, in which case “Friihoperation” can — under certain conditions — be 
performed). In all other florid forms of hyperthyroidism, surgical interventions are 
contraindicated. Other contraindications are increased surgical risk (elderly 
patient, cardiovascular disease and other serious diseases), progressive 
ophthalmopathy, little or no goiter, and post-thyroidectomy relapse of 
hyperthyroidism. The most common post-surgery complications are recurrent 
paresis (1-5%), hypoparathyroidism (0.5-3%), hypothyroidism (10-40%, 
increasing with time) and worsening ophthalmopathy. Their occurrence depends 
on the extent of resection and the experience of the surgeon. In elderly patients, 
intercurrent and thromboembolic complications may occur. 


Hypothyroidism 


Hypothyroidism in newborns is not manifested clinically in 95% of cases, 
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imposing mandatory screening (by performing TSH at the age of four or five days 
and, if necessary, also T,). Not recognizing the diagnosis leads to lack of adequate 
treatment, and the occurrence of CNS injuries and other complications can have 
lifelong effects (which may be termed “partial cretinism’’). Given that, besides 
permanent congenital hypothyroidism (not common, occurring with an incidence 
of 1/4000 births), there are transitional and subclinical forms, and that numerous 
geographic areas are deficient in iodine, the lack of adequate treatment sometimes 
affects a fairly large number of infants and children. Another category of people at 
risk of hypothyroidism is pregnant women. Not recognizing hypothyroidism in 
such patients represents a double danger: for the fetus (primarily regarding the 
normal development of the CNS) and the pregnant woman. The scope of this 
paper does not permit detailing the serious repercussions of hypothyroidism for 
both — we simply stress that the sharp increase of iodine needs during pregnancy 
imposes prophylaxis and treatment of goiter and hypothyroidism not only on 
pregnant women living in endemic iodine-deficient areas, but also on all pregnant 
women [13]. The supply of iodine in adequate doses must be realized even in the 
presence of autoimmune thyroiditis (doses of 150 ug iodine/day are safe). When, 
before and during pregnancy, goiter coexists with hypothyroidism (frequently in a 
subclinical form), the administration of thyroid hormones is also necessary. 
Postpartum thyroiditis, which appears in the first year after delivery, is essentially 
an autoimmune thyroiditis. It requires treatment with T, preparations only when 
hypothyroidism develops (in about 54% of cases). 


The treatment of hypothyroidism in adults, especially in elderly patients, requires 
some precautions to be observed. Older patients and those suffering from 
cardiovascular diseases should be treated first with medicines for these 
conditions (primarily with beta blockers, antihypertensive drugs, etc.) and only 
subsequently can thyroid hormones be introduced, starting with low doses (e.g., 
T, 12.5-25 mg/day) and gradually increasing. Contraindications of thyroid 
hormones must be respected, the primary and absolute contraindication being 
myocardial infarction. However, thyroid hormones can cause arrhythmias, angina 
or even myocardial infarction, cerebral circulation disorders and worsening high 
blood pressure, so they should be administered with caution in patients with heart 
diseases, and only under the shield of appropriate medication. 


In postmenopausal women chronically overtreated with T,, osteoporosis can 
develop. This can be prevented by regular monitoring and maintenance of normal 
serum TSH levels in patients receiving long-term replacement therapy [12]. 


We have already mentioned issues that may arise during the treatment of 
Hashimoto’s autoimmune chronic lymphocytic thyroiditis. If treatment is not 
monitored at the appropriate intervals, complications can occur easily, both in 
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terms of hypo- and hyperthyroidism (thyrotoxicosis). The disease has a natural 
evolutionary tendency to hypothyroidism. Not infrequently, however, it is 
associated with Basedow-Graves' disease (hashitoxicosis), to be treated with 
antithyroid agents. These drugs — if the patient is not monitored, usually every six 
weeks — can promote iatrogenic hypothyroidism. The disease itself presents an 
undulant development and cannot manage its hyper- and hypothyroid phases — 
only regular follow-up can do so. 


The administration of immunomodulatory medications or preparations (e.g., 
interferon-alpha, efc.), for any purposes, can aggravate autoimmune thyroid 
diseases and Hashimoto’s thyroiditis. Interferon-alpha, used most frequently for 
the treatment of chronic hepatitis C virus infection, can activate or induce a 
preexistent autoimmune thyroiditis, leading to hypothyroidism (often) or 
thyrotoxicosis (rarely) in about 40% of patients. It exerts both an 
immunostimulatory effect and a direct deleterious effect on the thyroid gland [9, 
14]. At the same time, the hepatitis C virus may also contribute to these lesions. 


Bexarotene (Targretin®), approved since 1999 as a second-line treatment for late- 
stage cutaneous T-cell lymphomas, is a vitamin A (retinol)-derivative and RXR- 
ligand. It provokes central hypothyroidism, reducing the transcription of 
thyrotropin-releasing hormone (TRH) and TSH-gene. Bexarotene also affects the 
gene expression of deiodinases 1 and 2, as well as the peripheral clearance of 
thyroxine [9]. 


In the majority of cases, thyroid carcinomas undergo total thyroidectomy. A 
single exception is papillary microcarcinomas of diameter less than 1 cm, without 
metastasis. According to some authors, this exception must fulfill other criteria, 
too: the patient must be without familial history, unexposed to earlier radiation, 
and the carcinoma must have developed before the patient reached 35 years of 
age. This group represents very low-risk patients and only a lobectomy or subtotal 
thyroidectomy is performed. Apart from this very low-risk group, in highly 
differentiated carcinomas thyroidectomy is followed by radioiodotherapy, after 
which the patient receives treatment with thyroid hormones, in substitutive and 
TSH-suppressive doses. When, if the thyroidectomy is not taken, a free interval of 
four to six weeks it taken to allow the increase of TSH to about 30 mIU/L, or in 
this period thyroid hormones or iodine are administered, the efficacy of 
radioiodine treatment is compromised. This free interval, characterized by 
postoperative hypothyroidism, is not well supported by some patients. To avoid 
this inconvenience, it is possible to eliminate the free interval, using recombinant 
TSH preparations [15]. This resolution, which has been available for a relatively 
long time, is still very expensive. In the last phase of the treatment of highly 
differentiated thyroid carcinomas (e.g., suppression of TSH with thyroid 
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hormones) the physician often must use high doses of T, (or T,) preparations, 
inducing iatrogenic thyrotoxicosis. These overdoses are frequently administered 
to postmenopausal women, increasing the development or aggravation of 
osteoporosis. At the same time, such overdoses can induce atrial fibrillation. In 
the final administration, more precise and differential indications regarding the 
TSH levels appear, which must be maintained, and the duration of treatment is 
also shortened, reducing the side effects of the TSH-suppressive treatment. 


Tyrosine kinase inhibitors (e.g., sunitinib, sorafenib, motesanib, vandetanib, 
axitinib, efc.), used in the treatment of hematologic and solid tumors including 
thyroid carcinomas, influence thyroid hormone synthesis, can induce destructive 
hypothyroidism and reduce VEGF-related neoangiogenesis [9]. 


IATROGENIC PATHOLOGY OF PARATHYROID GLANDS 


In asymptomatic primary hyperparathyroidism, diagnosis may be difficult due to 
the lack of clinical symptoms. It is also difficult to recognize and treat the 
hypercalcemic crises induced by hyperparathyroidism. These may, in turn, be 
caused by other disorders, such as an overdose of vitamin D preparations 
(especially those containing modern metabolites with increased activity) or 
malignant diseases, such as solid tumors (the most common being breast 
carcinoma) and hematologic malignancies (multiple myeloma, lymphoma, 
lymphosarcoma, reticulosis), amongst other less common causes that cannot be 
discussed here. Hypercalcemic crisis, induced by hyperparathyroidism, does not 
respond to glucocorticoids (which can influence its other forms), requiring instead 
significant volumes of chloride sodium infusions, furosemide, bisphosphonates 
(pamidronate injection, e.g., Aredia®), calcitonin and sometimes mithramycin or 
plicamycin, or even hemodialysis. 


It is also important to note that, in the diagnosis of parathyroid carcinoma, fine 
needle aspiration (FNA) must be avoided because it, unlike highly differentiated 
thyroid carcinomas, can spread following this intervention. Similarly, vigorous 
attempts should be made to remove the tumor en bloc [16]. 


IATROGENIC PATHOLOGY OF ADRENAL GLANDS 


The therapeutic problems related to Cushing’s disease and syndrome were 
discussed earlier, with reference to the hypothalamic-pituitary axis. The side 
effects of adrenolytic and adrenostatic drugs used in the conservative treatment of 
Cushing’s syndrome cannot be detailed here due to the scope of the study. 


Regarding the diagnosis of primary hypermineralocorticoidism, especially 
primary hyperaldosteronism, it must be stressed that often hypokalemia does not 
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accompany this disorder, historically considered characteristic, which could 
contribute to diagnostic errors. Long-term treatment with glucocorticoids should 
be performed in congenital adrenogenital syndromes, so the use of the smallest 
possible doses that can inhibit hypersecretion of ACTH, characteristic in these 
states, is recommended. Adrenal incidentalomas present problems both for 
diagnosis and treatment. For practical guidance, we should note the need for 
surgery when the tumor secretes active hormones, suggests malignancy (e.g., 
increased secretion) or if its diameter exceeds 3 cm. 


In the treatment of Addison's disease, a common mistake is to recommend a low- 
salt diet and other restrictions necessary when corticosteroids are administered in 
high doses, for pharmacodynamic purposes. In Addison's disease, these 
corticosteroids are used in relatively low, substitutive doses (e.g., 15-25 mg 
hydrocortison/day, cortisone acetate in higher doses, or prednisolone 5 mg/day), 
and the regime should thus be rich in salt and without any metabolic restrictions. 
The daily glucocorticoid doses must be distributed in two or three parts (with 
about two thirds taken in the morning), corresponding to the normal biorhythm of 
cortisol secretion, and must be individualized, mainly based on clinical status (the 
hormonal results are strongly influenced by the treatments). The other therapeutic 
problem is the supply of adequate cortisolemia throughout the day. In current 
practice, in a significant number of cases, the glucocorticoid preparations are 
overdosed (exceeding 7.5 mg/day of prednisolone, or a corresponding dose), so 
they can induce side effects such as weight gain, obesity, osteoporosis, etc. (Table 
15-1). To reduce these complications, slow-release glucocorticoid preparations 
can be used, establishing a more circadian-based serum cortisol profile. In 
particular, glucose metabolism is improved in patients with concomitant DM [17]. 


The combined use of other medications can influence the effect of 
glucocorticoids. Barbiturates, phenytoin, primidone, carbamazepine, rifampicin, 
rifapentine, ethosuximide and pioglitazone accelerate their hepatic metabolism via 
induction of the enzyme CYP3A4, diminishing the effect of glucocorticoids. By 
contrast, drugs that impair their metabolism by inhibition of CYP3A4 (fluoxetine, 
itraconazole, diltiazem, cimetidine, ritonavir, aprepitant, etc.) enhance the effects 
of glucocorticoids. There are also drugs, such as estrogens and mitotane, that 
increase corticosteroid-binding globulin (CBG) levels and falsely elevate the 
cortisol serum value [18]. 


When glucocorticoids alone cannot compensate adrenal insufficiency they must 
be combined with mineralocorticoid preparations (fludrocortisone, such as 
Astonin*, Florinef*, in doses of 0.05-0.2 mg/day, divided into two equal doses, 
taken in the morning and evening). 
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The possibility arises of supplementation of dehydroepiandrosterone (DHEA) 
regarding vitality and libido, especially in postmenopausal women, if all other 
replacement therapy is adequate. DHEA is used in doses of 25-50 mg/day. A trial 
of two to three months is usually sufficient to explore any possible benefits [3, 
18]. 


In cases of intercurrent infections, injuries, surgery, childbirth and other 
overstressing conditions, the dose of glucocorticoids should not be decreased (in 
terms of their use for pharmacodynamic purposes) — on the contrary, it is 
necessary to increase the dose to between two and four times the baseline. 


Acute adrenal insufficiency, caused by sepsis in infants and young children 
(Waterhouse-Friderichsen syndrome) and characterized by malaise, high fever 
and shock, is often not recognized by physicians. Ceasing the administration of 
higher glucocorticoid doses, used for pharmacodynamic purposes in children and 
adults, can also precipitate acute adrenal insufficiency. This complication being 
now more well known, higher therapeutic doses of glucocorticoids are usually 
withdrawn slowly, and this gradual reduction can be associated with stimulation 
by ACTH. 


Table 15-1. Major side effects and contraindications of systemic glucocorticoids. 


Na’ and water retention, Through mineralocorticoid receptors, only | Edema, hypertension (or: 
edema, hypertension after “classic” preparations, or due to very | adequate treatment) 
high levels of cortisol 


Exogenous Cushing's After prolonged high-dose therapy, | Cushing's syndrome 
syndrome (obesity, imitating endogenous hypercortisolism 
hypertension, etc.) 


Osteoporosis After prolonged high-dose therapy, | Osteoporosis (or: adequate 
C A Wnt signaling al 


[Myopathy = Direct [Direct catabolism of skeletal muscle | of skeletal muscle [Myopathies o 


Avascular necrosis of femoral | Damage in venous endothelial cells, bone | Avascular necrosis of femoral 
a infarction a ———— 


Hyperlipidemia As part of metabolic [As part of metabolic syndrome | [Dyslipidemia | 


Hyperglycemia, rarely steroid | Increased gluconeogenesis and hepatic|DM (or: adaptation of its 
diabetes mellitus glucose production medication) 


Ischemic heart disease, heart |Increased risk and aggravation of these |Coronary heart disease, heart 
failure, hypercoagulability conditions through obesity, hypertension | failure, hypercoagulability 
and other components of metabolic 
syndrome 


Psychiatric disorders Alterations of mood, memory deficits, | Psychoses (or: adequate 
even psychosis (following long-term use) | therapy) 
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(Table ) contd..... 


Gastrointestinal disorders Gastritis, peptic ulcers, hemorrhage (in}Peptic ulcers (or: adequate 
part due to concomitant use of NSAID) treatment) 

Ophthalmological disorders Glaucoma, due to increased intraocular Glaucoma, cataracts 
pressure; cataracts 

Immunosuppression Following high doses, TBC and other|Immunodeficiency, which agg- 
infections can be reactivated ravates infections 

Adrenal failure (evident Through feedback suppression of ACTH |To avoid infections, surgery 

following stress) and stress 


Menstrual disorders and Through nonspecific gonadotropin | Irregular cycles (or: 
anovulation suppression, or hyperprolactinemia normalization of irregular 
cycles) 


Growth failure, delayed Decreased GH- and IGF-I-secretion, GH-|Children (or: treatment with 
puberty resistance, inhibition of growth plate,|rhGH and gonadotropins) 
suppression of gonadotropins 


Congenital malformations Small risk following the use in the first] Pregnancy (with precaution) 
(disputed) trimester of inhaled preparations 


Pheochromocytoma can go undiscovered when the characteristic 
catecholaminergic crisis (with hypertension) or hypotensive crisis (due to 
hypersecretion of dopamine, or sometimes epinephrine) is present, or are not 
manifested in changes to the patient’s blood pressure (as in the case of some large 
tumors, when the secreted catecholamines do not reach general circulation). 
Catecholaminergic crisis can be triggered by many mechanical and chemical 
factors, including medicines such as glucagon, tyramine (contained in cheeses and 
red wine), metoclopramid, opioids, naloxone, tricyclic antidepressants, beta 
blockers, general anesthetic and contrast agents. The conservative treatment of 
pheochromocytoma mainly comprises long-term administration of a-adrenolytics, 
such as phenoxybenzamine. This binds irreversibly to the a-adrenergic receptors, 
thereby exerting a strong and durable hypotensive effect. Phenoxybenzamine has 
some side effects, too, including orthostatic hypotension, tachycardia, headache, 
diplopia, nasal congestion and ejaculation disorders. It is very important that a- 
adrenolytics be used firstly in the treatment of pheochromocytoma, as 
nonselective (B1+ß2) beta blockers can be administered only after a-adrenolytics. 
This statement is based on the fact that beta blockers without alpha blocking can 
induce vasoconstriction and consecutive hypertension (as well as hypertensive 
crisis), as only these effects of endogen epinephrine persists (losing the ß,- 
adrenoreceptor stimulated vasodilatory actions) [2]. 





IATROGENIC PATHOLOGY OF GONADS 


Of the sexual steroids, we will only here discuss the iatrogenic pathology related 
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to androgenic drugs, the rest of these steroids (including oral contraceptives) 
being discussed in Chapters 10 and 11. 


Androgenic steroids may promote worsening of benign prostatic hyperplasia 
(BPH) and prostate carcinomas, and are contraindicated in these states. Another 
contraindication is breast carcinomas occurring in men. Some androgens, like a- 
alkylated testosterone derivatives, can cause serious liver lesions (including 
adenomas and adenocarcinomas). Of the antiandrogens, flutamide should be 
mentioned in particular as, in addition to hepatotoxicity, it also has another 
disadvantage: when used in the treatment of prostatic carcinoma, it can, after 
some time, behave like an androgenic agonist, exacerbating the patient's condition 
(in this case it must be substituted with a derivative). 


5-phosphodiesterase inhibitors used in the treatment of male impotence, such as 
sildenafil (Viagra), tadalafil (Cialis*) and vardenafil (Levitra), cannot be 
administered simultaneously with nitrates or other drugs that work by stimulating 
NO formation, because these combinations can induce hypotension, collapse and 
other acute cardiovascular complications. Phosphodiesterase (PDE) inhibitors 
should not be used in patients taking alpha blockers due to an increased risk of 
hypotension. They are also contraindicated when heart failure is at an advanced 
stage, and physical effort relating to intercourse would be dangerous for the 
patient. The most common side effects of PDE-inhibitors are headache, facial 
flushing, nasal congestion, dyspepsia and, rarely, priapism. Vardenafil and 
sildenafil may also cause visual difficulty relating to discrimination of colors 
(blue and green) and bluish tones in vision. In a small number of patients, a non- 
arteritic ischemic optic neuropathy (NAION), in which blood flow to the optic 
nerve is blocked, is reported. If patients experience decreased or sudden loss of 
vision, they should report to a physician immediately [19]. PDE-inhibitors cannot 
be administered to patients with psychotic disorders or under treatment with 
antipsychotics or antidepressants. Recent data show that sildenafil may elevate 
melanoma risk [20, 21]. 


Apomorphine (Uprima‘*), used to treat erectile dysfunctions, can cause nausea and 
vomiting, stimulating the vomiting center of the bulb. 


Only limited data support the aphrodisiac effect of yohimbine, a selective 
presynaptic a,-adrenergic inhibitor, so it is rarely used. The side effects of this 
drug are nausea, vomiting, irritability, headache, anxiety, tachycardia and 
hypertension (due to increasing norepinephrine release) [19]. 


Alprostadil is a prostaglandin E, analog that leads to smooth muscle relaxation 
and rapid arterial inflow in corpora cavernosa. It is available as an intracavernosal 
injection (Caverject*) or as a transurethral suppository (medicated urethral system 


250 Textbook of Iatrogenic Pathology Imre Kun 


for erection, MUSE’). Side effects include pain upon injection, bleeding or 
bruising at the injection site, fibrosis and priapism. In sickle cell diseases, patients 
taking anticoagulants, or those who have bleeding disorders, the risk of priapism 
and bleeding is increased [19]. 


Some cases of cryptorchidism (caused by congenital hypogonadotropic 
hypogonadism) can also be treated with GnRH analogs [22], but only when their 
pulsating administration by a pump is possible. Otherwise, in chronic 
administration, they exert an inhibitory effect on the gonadotropin secretion, used 
in the treatment of gonadotropin-dependent precocious puberty, prostate cancer 
and endometriosis [23]. Cancerization of the cryptorchid testicle is a very serious 
complication, such that if cryptorchidism cannot be resolved by conservative or 
surgical (orchidopexy) treatment, its removal is necessary. 


Regarding the conservative treatment of polycystic ovarian syndrome, the 
biguanide metformin is most often used, especially in obese women with insulin- 
resistance (Table 15-2). Besides decreasing appetite and thereby reducing weight, 
it reduces insulin-resistance and hyperinsulinism (as it is an insulin sensitizer, like 
thiazolidinedione), ameliorating the metabolic syndrome present in a significant 
number of patients with polycystic ovarian syndrome. A great deal of recent 
evidence shows that metformin exerts antitumoral effects on many tumors, not 
only in diabetic patients, but also in non-diabetics (Table 15-2). 


Table 15-2. The mechanism of action and the side effects of metformin. 


Mechanism of action Side effects 
Decrease of appetite Nausea, vomiting, abdominal pain, diarrhea or constipation 


Weight reduction Side effects may be attenuated by gradually increasing the 
dosage 


Reduction of insulin-resistance (IR) and} Gastrointestinal side effects may be reduced by administering 
hyperinsulinism after meals 


Improving lipid levels Side effects can be reduced by ensuring the daily dose does 
not exceed 2-2.5 g 


Decrease of cardiovascular complications Administration must cease in pregnancy, but its use in early 
pregnancy does not justify an interruption 


Direct and indirect antitumoral effects: 

- Activation of adenosine monophosphate-activated protein kinase (AMPK) induces (through down- 
regulation) reduction of mammalian TOR-complex 1 (nTORC1), an mTOR signalization complex, and 
increases liver kinase B1 (LKB-1) 

- Inhibition of the IGF-I/Akt (PKB) pathway and stopping of the p53-mediated cell cycle 

- AMPK-independent (e.g., IR reduction) 
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CHAPTER 16 


Iatrogenic Pathology in Anesthesiology and 
Intensive Care 


Leonard Azamfirei’ and Iudita Badea 


Department of Intensive Care, University of Medicine and Pharmacy, Tirgu-Mures, Romania 


Abstract: The iatrogenic pathology occurring in anesthesiology and intensive care is a 
consequence of errors made due to ignorance (the incapacity to identify suddenly 
appearing pathological situations), negligence (deficiencies in applying correct medical 
conduct) or clinical misjudgment. In the field of anesthesiology, this type of pathology 
comprises complications in pre-anesthetic, anesthetic and post-anesthetic periods, the 
consequences of pharmacological effects of the administered anesthetic drugs, 
technical complications related to airway security, anesthetic machine functioning and 
monitoring equipment, the anesthetic technique utilized and the differing reactivity of 
patients to the chosen anesthetic procedure. In intensive care, regarding critical care 
patients with multiple organ dysfunctions, the main source of iatrogenesis is 
represented by invasive maneuvers (mechanical ventilation techniques, monitoring, 
vascular approaches). To all these are added complications related to administered 
drugs, artificial nutrition, volemic therapy and the high risk of infection. 


Keywords: Anesthetic drugs, Artificial nutrition, Fluid therapy, General 
anesthesia, Infection, Intensive care, Loco-regional anesthesia, Maneuvers, 
Mechanical ventilation, Oxygen therapy. 


INTRODUCTION 


Iatrogenic complications appearing in the ICU are defined as adverse effects or 
pathological situations that occur independently of the underlying disease. In the 
USA, it is estimated that 4% of hospitalized patients in ICUs experience 
iatrogenic complications and 14% of such complications contribute to death [1]. 


These complications can be fatal (being primarily responsible for patient death), 
life-threatening (requiring intensive care measures such as mechanical ventilation, 
hemodialysis, vasopressors and thoracotomy) or moderate (requiring routine 
monitoring and management) [2]. 
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There are three main types of errors that can induce iatrogenic pathology in the 
ICU [3]: 


e Ignorance — failure to recognize an unusual pathological situation, which can 
lead to a failure to provide the appropriate treatment. 

e Negligence — failure to comply with universally accepted standards (e.g., 
noncompliance with aseptic measures, failure to ask about allergies). 

e Erroneous judgment — exaggerated optimism, unjustified designation of 
emergency status, “fashion” therapy, perfectionism, abstention, insufficient 
deliberation, etc. 


The relationship between drugs (Table 16-1) or medical procedures (Table 16-2) 
and pathological situations can be definite (certain consequence of intervention), 
probable (likely consequence of intervention), possible (intervention-related), 
conditional (patient-related) or uncertain (not meeting any of these conditions) 


[4]: 


Table 16-1. Drug-related iatrogenic lesions occurring in the ICU. 


Table 16-2. Medical procedure-related iatrogenic diseases occurring in the ICU. 


Type of procedure Type of disorder 
Cardiac catheterization Arrhythmia 
Central venous catheterization Bacteremia, pneumothorax 





Peripheral venous catheterization 
Urinary tract catheterization 
Radiocontrast infusion 
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COMPLICATIONS OF GENERAL ANESTHESIA 


During the patient’s premedication and general anesthesia, various complications 
can be drug-induced or can be caused by technical malfunctions in equipment and 
unexpected reactions of the patient’s body. 


Side Effects of Drugs Used in General Anesthesia 


Drugs Used in Premedication 


Benzodiazepines (diazepam), barbiturates and opioids can produce respiratory 
depression, especially in elderly patients [5]. Minor neuroleptics (promethazine) 
can induce hypotension, xerostomia, skin reactions, esophageal sphincter 
hypotonia, etc. [6]. 


Intravenous Anesthetics 


Thiopental can produce cough, hiccups, laryngospasm, bronchospasm, allergic 
reactions, respiratory depression, tachycardia and vasodilation. Perivascular 
extravasation can be followed by severe tissue injuries. Unintentional intraarterial 
injection leads to the formation of thiopental microcrystals in arterioles, followed 
by platelet aggregation and risk of thromboembolism. 


Etomidate can induce cough, hiccups, laryngospasm, bronchospasm and adrenal 
suppression. Venous thrombosis is more common in this case than following use 
of other agents [7]. 


Propofol induces hypotension (20% of patients), transient apnea and allergic 
reactions. The rapid growth of microorganisms can also be a consequence [8]. 


Droperidol exerts cholinergic and sympatholytic effects and produces 
extrapyramidal motor symptoms, but does not induce respiratory depression. 
Dysphoria can also be noted. 


Ketamine produces hypersalivation, hypotension, tachycardia, restlessness and 
transient apnea. It can also induce vivid dreams, increased intracranial pressure 
and allergic reactions. 


Fentanyl causes respiratory depression and severe chest wall rigidity, and 
increases the tone of the sphincter of Oddi. 


In patients treated with monoamine oxidase inhibitors, pethidine can cause 
serious complications, potentially fatal, ranging from hypotension and respiratory 
depression to hypertension and hyperpyrexia, seizures and coma. 
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Morphine depresses the respiratory centers [9]. 


Rapid injection of alfentanil with another vagal stimulation maneuver (laryngo- 
scopy) or administration of a neuromuscular blocking agent with vagotonic effect 
(succinylcholine) may produce extreme bradycardia and asystolia [10]. 


Inhaled Anesthetics — Effects On Specific Organs 


Cerebrovascular Disorders include progressive depression of cortex functions, 
basal ganglia and cerebellum, and sensitive motor spinal nerves, vasomotor and 
respiratory centers. The annihilation of central inhibitory effects leads to 
exacerbation of excitatory reactions. 


The main myocardial effects relate to depressed myocardial contractility via 
enflurane, halothane and isoflurane, in descending order. Cardiac output decreases 
proportionately to the depth of anesthesia. Patients with dystrophic myotonia 
present a higher susceptibility to anesthetics-related cardiovascular injuries. 


Respiratory Disorders refer to decreased frequency and amplitude of spontaneous 
breathing, drops in functional residual capacity (FRC) and modification of the 
ventilation/perfusion ratio. 


Renal_Effects result from decreasing the renal blood flow and glomerular 
filtration rate and increasing the ADH release that induces oliguria. 


Other Effects: volatile anesthetics, except nitrous oxide, are proven triggers in the 
occurrence of malignant hyperthermia. 


Inhaled Anesthetics — Specific Drug-Related Effects 


Nitrous Oxide may produce increased intracranial pressure and bone marrow 
suppression. Nitrogen accumulation produces distension of hollow organs (“the 
effect of dark space”) and increases the risk of gaseous embolism. At the end of 
the anesthetic period, when the partial pressure of oxygen decreases in the 
pulmonary alveoli for about 10 minutes, nitrogen-induced diffusion hypoxia can 
be noted. By activating methylcobalamin, nitrous oxide stimulates myelin and 
DNA synthesis. The effects can include spontaneous abortions, congenital 
anomalies, megaloblastic anemia and agranulocytosis. Prolonged exposure to 
nitrous oxide can be followed by degeneration of the lateral horns of the spinal 
cord and subsequent peripheral sensory or motor polyneuropathy. 


Halothane predisposes the patient to arrhythmias, breathing centers depression, 
bronchodilation, cerebral perfusion and intracranial pressure increase, and uterine 
smooth muscle relaxation. Immune-mediated halothane hepatitis, which is 
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characterized by extensive hepatic necrosis, occurs in 1/10,000-35,000 adult 
patients. One third of patients present unexplained fever associated with 
eosinophilia, skin reactions and arthralgia. The mortality rate is about 20-50%. 
The risk of hepatitis is higher in patients receiving multiple anesthesia with 
halothane, the latter appearing 30 days before the appearance of hepatitis. 
Although halothane decreases portal blood flow and increased hepatic artery flow, 
it can accentuate the severity of a preexisting hepatic injury [11] 


Enflurane can cause hypotension and reflex tachycardia. In deep anesthesia, 
electroencephalic changes characteristic of seizures can be noted [12]. Isoflurane 
produces hypotension, respiratory depression, bronchodilation, increased 
intracranial pressure and, infrequently, coronary vasodilation [13]. Desflurane 
increases intracranial pressure and is irritating to the upper airways. Arterial 
hypertension and tachycardia can also occur [14]. Sevoflurane increases 
intracranial pressure but does not produce seizures [15]. 


Neuromuscular Blocking Agents 


The depolarizing neuromuscular blocker succinylcholine can produce muscle 
fasciculation and pain, transient ocular hypertension, sinus bradycardia, 
rhabdomyolysis, hyperkalemia and myoglobinuria. In newborns and infants up to 
eight weeks of age, fulminant pulmonary edema can occur. Succinylcholine is a 
trigger for malignant hyperthermia. In patients with burns, suxamethonium can 
induce a massive release of potassium from skeletal muscles, potentially resulting 
in cardiac arrest [16]. 


Nondepolarizing Neuromuscular Blockers such as vecuronium, pancuronium, 
and alcuronium, exert sympathomimetic and vagolytic effects. They have 
unpredictable effects in myasthenia gravis. Up to 75% of intraoperative 
anaphylactic reactions are caused by muscle relaxants, due to their potential to 
stimulate the release of histamine. In patients with a damaged BBB, intracranial 
pressure will rise [17 - 19]. 


Technical Complications of General Anesthesia 


Technical Malfunctions in Equipment and the Anesthetic Circuit 


These malfunctions are usually produced by inadequate oxygen/anesthetic gases 
intake, with hypoxia and hyperventilation (accidental disconnections, incorrect 
setting of ventilation parameters, incorrect introduction of the anesthetic circuit, 
decalibrated vaporizers) being the main consequences. The clinical effects are 
cyanosis, tachycardia and abnormal ECG, followed by bradycardia and 
hypotension [20]. 
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Incorrect Positioning of the Patient on the Operating Table 


The main consequences are atelectasis (by intrabronchial placing of the intubation 
cannula), peripheral nerve injuries (due to vicious position of limbs or 
hyperextension with nerve plexus elongation) and ocular lesions (corneal 
abrasion). 


Patient-Related Complications 


Bronchial Aspiration of Gastric Content — gastric content is especially aspirated 
in the upper airways during the induction phase. It is a silent aspiration that is 
difficult to detect, but becomes obvious when the gastric content is aspirate 
through the intubation cannula. It is considered that about 25 ml of gastric acid is 
enough to induce acute pulmonary inflammation. The main predisposing factors 
are gastric hypersecretion and high gastric pressure (full stomach, acute abdomen, 
pregnancy, obesity, ileus). The main consequences are surfactant degradation, 
pulmonary edema, atelectasis, hypoxia, Mendelson's syndrome (autodigestion of 
pulmonary parenchyma by acid gastric secretion), ARDS, pneumonia and 
formation of pulmonary abscesses [21]. 


Laryngospasm (Glottis Spasm), Bronchospasm — the predisposing factors are 
catarrh, smoking, superficial anesthesia and repeated intubation attempts [22]. 
Ventilation attempts with positive pressure increase pressure in the airways and 
cause the appearance of pneumothorax through barotrauma. This is manifested as 
subcutaneous emphysema, pneumomediastinum or pneumopericardium [23]. 


Pneumothorax can be a consequence of blebs rupture or high intrathoracic 
pressure. 


Pulmonary Interstitial Emphysema and Air Embolism are caused by the 
increased pressure of gases in the anesthesia machine. The mechanism comprises 
the occurrence of septal tearing and the air and gases reaching the lung 
parenchyma, inducing interstitial emphysema. In patients with pulmonary vein 
injuries, air embolism can result. Air embolism can also be induced by 
pneumoperitoneum with CO, during laparoscopic surgery. 


Acute Pulmonary Edema usually occurs via the association of myocardial 
dysfunction with intraoperative fluid overload [24]. 


Anaphylactic Reactions During Surgery can be triggered by any drug or 
substance used during anesthesia [25]. 


Hypertensive Crises usually occur in patients with hypertension when 
premedication is not appropriate or perioperative analgesia is insufficient. It can 
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induce hypertensive encephalopathy, cardiac failure and cerebral and renal 
complications. 


Arterial Hypotension can occur during the induction of anesthesia or 
intraoperatively, through bleeding or uncompensated losses (decreased preload), 
decreasing afterload or myocardial depression [26]. 


Intraoperative Myocardial Infarction depends on the preexisting coronary 
distress level, the type of surgery and the degree of volume replacement. It occurs 
most commonly on the third to fifth day after surgery [27]. 


Malignant Hyperthermia is the result of massive calcium release from 
sarcoplasmic reticulum in skeletal muscle fibers, which produces powerful muscle 
contractions and hyperthermia. The main clinical features are tachycardia, 
tachypnea, muscle rigidity, hyperthermia, abnormal ECG and arrhythmias [28]. 


Laryngotracheal Decubitus Ulcers are late consequences of long-term 
endotracheal intubation as a result of the mechanical effect (compression) of the 
tube inserted into the airways [29]. 


Other Complications include arterial hypotension, cardiac arrhythmias, 
prolonged respiratory depression, epistaxis produced by the nasogastric tube, etc. 


COMPLICATIONS OF LOCO-REGIONAL ANESTHESIA 


Local Anesthetics-Related Complications 


Overdose — local toxic effect is very rare. Subarachnoid administration in high 
doses (usually accidentally, during alleged epidural administration or prolonged 
Trendelenburg positioning) produces prolonged blockage of nerve conduction 
with subsequent emergence of total motor block. Subsequently, the rising 
anesthesia level reaches the respiratory muscles. A properly executed epidural 
administration can also induce motor block through diffusion of the local 
anesthetic into the subarachnoid space. 


Systemic toxicity is usually the consequence of accidental intravenous 
administration of the anesthetic drug. In early phases, the main affected systems 
are the central nervous (restlessness, delirium, tonic-clonic seizures) and 
cardiovascular systems (tachycardia, hypertension, skin erythema). The late 
consequences are coma, apnea and cardiovascular disorders (bradycardia, 
decreased myocardial contractility, dysrhythmia, vasodilatation, thready pulse, 
cardiocirculatory arrest, etc.). Overdosed prilocaine causes methemoglobinemia 
[30]. 
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Arterial hypotension appears via the lowering of peripheral vascular resistance, 
especially following subarachnoid anesthesia [31]. 


Anaphylactic Allergic Reactions are rare complications of local anesthesia, 
occurring more frequently following administration of the amino ester class of 
anesthetics [32]. 


Complications Due to Anesthesia Technique 


An improper anesthesia technique can induce peripheral nerve injury 
(paresthesias, paralyses) [33] or spinal artery syndrome (total or partial occlusion 
of the artery of Adamkiewicz) with subsequent paraplegia. 


Based on the type of anesthesia, the following specific complications may occur 
[34]: 


e Intercostal Anesthesia: pneumothorax and accidental intravenous or epidural 
injection. 

e Spinal Anesthesia: intraspinal hematoma (compression), acute bacterial 
meningitis, chronic adhesive meningitis, spinal nerve traumatic injuries, spinal 
cord lesions, bone/ligament injuries and post-dural puncture headache (due to 
the leakage of cephalorachidian fluid through the opening of the puncture area). 

e Epidural Anesthesia: accidental puncture of dura, epidural hematoma, arterial 
hypotension, acute systemic toxicity (especially of the cardiovascular system), 
total spinal anesthesia. 


COMPLICATIONS OF INTENSIVE CARE 


Complications Associated with Mechanical Ventilation 
Controlled mechanical ventilation may cause complications via the following: 


e Increased Intrapulmonary Pressure — controlled mechanical ventilation can 
induce acute dilation of the lungs (acute emphysema), interstitial emphysema 
followed by mediastinal and subcutaneous emphysema, pulmonary refraction with 
pneumothorax or air embolism. Air embolism occurs as a result of ventilation 
pushing into the pulmonary veins, and subsequently into the great systemic 
arteries (meningeal, cerebral, coronary arteries, efc.). The main symptoms of air 
embolism are cerebral petechiae, presence of air bubbles in the meningeal and 
retinal arteries, and marble appearance of the skin and tongue [35]. 


e Decreased Venous Return — controlled mechanical ventilation can produce 
generalized venous stasis. 
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e External Contamination — controlled mechanical ventilation can increase the 
risk of respiratory infection [36]. 


e Mechanical Effect — in long-term intubation or tracheostomy, cannula may 
cause ulcerative lesions of the tracheal wall with improper healing, or the 
formation of granulomas with subsequent tracheal stenosis or tracheopathia [37]. 


Complications of oxygen therapy 
Prolonged inhalation of pure oxygen (100%) produces the following effects: 


e Pulmonary Changes — injuries progress from tracheobronchial irritation to 
extravasation of plasma proteins, formation of hyaline membranes, dystelectasis 
and progressive interstitial fibrosis [38]. The mechanism of oxygen’s toxic effect 
is based on the ozone effect against the alveolar capillary endothelium. Oxygen 
free radicals, arachidonic acid and other mediators of the inflammatory process 
are involved [39]. The toxic effect of oxygen explains the occurrence of Wilson- 
Mikity syndrome in newborns who undergo prolonged oxygen therapy. This 
syndrome is characterized by dyspnea, recurrent cyanosis, diffuse pulmonary 
fibrosis and chronic cor pulmonale. 


e Ocular Changes — in adults, retinal vasoconstriction is a reversible process 
without clinical consequences. In premature infants, pure oxygen produces 
retrolental fibroplasia characterized by edema, retinal hemorrhages, retinal gliosis 
and vessels neoformation. Clinically, a gray-white mass can be seen in the 
anterior vitreous followed, infrequently, by definitive blindness. 


e Neurological Effects — the main signs of such effects are seizures that can 
mimic a grand mal epileptic crisis. These symptoms disappear following 
discontinuation of oxygen therapy. 


Complications of Maneuvers Used in Intensive Care 


The central venous access can involve the following complications [40 - 43]: 
catheter-induced infection and sepsis, thrombophlebitis or thrombosis, air 
embolism, catheter embolism (due to its inadequate fixation or the accidentally 
sectioning of the catheter tip), aberrant tracks on other veins routes, pneumothorax 
(after subclavicular approach of the subclavian vein), arterial puncture with local 
hematoma (e.g., carotid injury during puncture of the internal jugular vein), nerve 
damage (vagus or phrenic nerve). Injuries of the stellate ganglion or the cervical 
plexus can induce the Claude Bernard-Horner syndrome. 
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Side Effects of Drugs used in Intensive Care 


One of the specific ADR is the propylene glycol intoxication that is induced, in 
ventilated patients, by benzodiazepines (lorazepam, diazepam). The 
sedative/anxiolytic agents are also dissoluted in propylene glycol. The main 
clinical effects are the hyperosmolarity, hemolysis, cardiac arrhythmias, agitation, 
seizures, and coma. This intoxication may mimic an inflammatory syndrome 
characterized by acidosis, hypotension and multiple organ dysfunction [44]. 


Heparin-induced thrombocytopenia syndrome can also occur in the ICUs due to 
the formation of abnormal antibodies that activate platelets. It can induce various 
forms of thromboembolism [45]. 


Neurological Complications in Intensive Care 


ICU-Acquired Delirium is often underdiagnosed and can occur in two forms: 
hyperactive or hypoactive. It is caused by dementia, sedatives and strong 
analgesics, prolonged immobilization and changes to the patient’s circadian 
rhythm. 


ICU-Acquired Weakness represents an alteration of neuromuscular function that 
impacts ventilator weaning and patient mobility. It is especially linked to 
prolonged duration of mechanical ventilation (at least seven days), but also to the 
use of corticosteroids [46]. 


Relaxants-Induced Neuropathy is related to nondepolarizing muscle relaxants 
and is reversible in weeks/months. 


Complications Related to Artificial Nutrition 


Dysmetabolic Complications 


Malnutrition can emerge in critical patients receiving only 50-80% of their 
energy and nutritional requirements, despite existing enteral/parenteral nutrition 
formulas. It increases the number of days of required mechanical ventilation, 
especially in patients with body mass indices below 25. The risk of death is 
increased in patients with a deficit of 1200 kcal/day [47]. 


Propofol-Related Infusion Syndrome is a serious complication evidenced by 


rhabdomyolysis, acute kidney injury and cardiac failure, acidosis, hepatomegaly, 
hyperlipidemia and high serum values of lactate and creatine kinase. It occurs as a 
result of propofol-induced damage to the mitochondrial respiratory chain. The 
main risk factors are over 48 hours of propofol therapy with a dose of more than 4 
mg/kg/h, low intake of carbohydrates, and increased intake of exogenous 
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corticosteroids and catecholamines [48]. Propofol-induced hypertriglyceridemia 
occurs in patients with alterations in lipid metabolism or those with an excess of 
serum lipids [49]. 


Enteral Nutrition 


During artificial enteral nutrition, gastroesophageal reflux can be followed by 
aspiration of gastric contents into the airways, leading to aspiration pneumonia. 
Irritations or erosions of the pharyngeal or esophageal mucosa can occur 
following long-term catheter maintenance. The risk of erosions is lower for 
silicone or polyurethane catheters. Diarrhea appears in 10-20% of cases and can 
be associated with cramping, abdominal distension, bloating, flatulence, nausea, 
vomiting and gurgling. It is caused by inadequate food formula, inanition, 
hypoalbuminemia, antibiotherapy, impaired pancreatic function, malabsorption, 
enteritis, lactose intolerance or contamination of food formulas. Glucose 
intolerance may be manifested by hyperglycemia, hyperosmolarity, nonketotic 
dehydration and even coma. It is caused by temporary insulin-resistance or 
preexisting DM. Hyponatremia is the consequence of intestinal or dilution losses 
and is treated with diuretics, lost sodium replacement and dilution losses control. 
Hypernatremia occurs following dehydration or in patients with diabetes 
insipidus. Hypokalemia results from the administration of diuretics, dilution, 
insulin excess or intestinal losses [50, 51]. 


Parenteral Nutrition 


Total parenteral nutrition can induce intestinal atrophy and is a risk factor for 
cholecystitis. Intestinal atrophy is the consequence of changes in the intestinal 
mucosa, appearing a few days following cessation of enteral feeding. The altered 
mucosal barrier causes penetration of microorganisms into systemic circulation. 
Noncalculous cholecystitis is caused by biliary stasis, due to the absence of 
cholecystokinin-induced gallbladder contractions [52, 53]. 


Post-Transfusion Complications 


Metabolic Complications include Hyperkalemia, Hypocalcemia and Acidosis 


Immune-Mediated Complications (immediate hemolytic reactions) are the result 
of ABO incompatibility. The mechanism is based on the recipient’s IgG and IgM 


antibodies’ attack on the donor red blood cells. It induces hemolysis, erythrocyte 
agglutination and DIC. Clinically, it presents a sudden onset. In the first two to 
three hours post-transfusion, the patient can present chills, fever, tachycardia, 
dyspnea, chest pain, nausea, vomiting, hypotension, hemoglobinuria, signs of 
anaphylactic shock, congestive heart failure, oliguria and anuria. Angioedema, 
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pulmonary edema, urticaria, tubulonephrosis, obstructive necrosis through 
hemoglobinuria and disseminated microthrombosis are characteristic. During 
general anesthesia, the symptoms are usually masked and attenuated [54, 55]. 


Late Hemolytic Reaction is due to a subgroup incompatibility. Increasing the 
antibodies of the Rh, Kidd, E and D systems induce lysis of the donor 
erythrocytes, especially in the monocyte-macrophage system of the recipient. 
Clinically, this reaction occurs one to two weeks or months following transfusion 
and is characterized by fever, anemia, jaundice and renal failure. Hepatic and 
splenic hemosiderosis are characteristic. 


Nonhemolytic Febrile Reactions occur as a result of formation of cytotoxic or 
agglutination antibodies. They attack the lymphocytes, granulocytes and plasma 
cells of the donor. The clinical features vary from mild forms, manifesting as 
fever, tachycardia and dyspnea, to severe forms that include anaphylactic 
reactions. 


Allergic Reactions induce urticaria, nausea, vomiting, abdominal cramps, 
diarrhea and vascular instability. ARDS and shock can be associated. 
Angioedema, urticaria, skin erythema and shock organs are seen in severe forms 
[56]. 


Infections are relatively rare. However, bacterial infections with Pseudomonas, 
Citrobacter freundii, Escherichia coli and other Gram-negative bacteria have been 
reported. Fever, vomiting, diarrhea, abdominal cramps and infrequent septic 
shock are the main clinical features [57]. Viral contamination involves 
cytomegalovirus, hepatitis B and C, HIV and HTLV-1 viruses. Contamination 
with prions can cause Creutzfeldt-Jakob disease [58]. 


Massive Transfusion Syndrome relating to thrombocytopenia and microvascular 
bleedings occurs by diluting the blood of the recipient. The donor blood is 
preserved without an adequate number of functional platelets. 


Acute Lung Injury (ALI) is produced by the antileukocytes antibodies of the 
donor plasma, which agglutinate the pulmonary recipient’s leukocytes. Clinically, 
this condition can mimic noncardiogenic acute pulmonary edema [59]. 


Other _Post-Transfusion Complications are hemodynamic overload with 


subsequent cardiac failure and, more rarely, hypothermia, coagulation disorders, 
impaired oxygen affinity for hemoglobin and air embolism. 


Complications Of Fluid Therapy 


Infusion solutions are crystalloids (glucose, saline, Ringer's solution, hypertonic 
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salt solution, sodium bicarbonate) or colloids (albumin, hydroxyethyl starch, 
dextrans and gelatin derivatives). 


Crystalloid Solutions can cause hyperkalemia and lactic acidosis (Ringer's 
solution), hypernatremia, increased production of carbon dioxide (sodium 
bicarbonate). Large volumes of crystalloids (over 3.5 1) determine hyperhydration 
and can cause a colloid osmotic pressure drop, peripheral edema, pulmonary 
edema and volume expansion of short physiological duration (23-28 mmHg) [60]. 


Colloid Solutions may cause allergic reactions (dextrans, gelatin derivatives) and 
use in excess can produce dilution coagulopathy. Allergic reactions to dextran 
occur in 0.02% of users [61]. 
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CHAPTER 17 
Iatrogenic Pathology in Surgery 


Tivadar Jr. Bara’, Bogdan Andrei Suciu and Tivadar Bara 
Department of Surgery, University of Medicine and Pharmacy, Tirgu-Mures, Romania 


Abstract: Surgical intervention remains a trauma for patients even given modern 
techniques and the use of highly specialized instruments. Any surgical maneuver can 
cause injuries and complications. The severity of such injuries is determined by the 
disease itself, the patient's comorbidities and the surgeon's experience. In this chapter, 
we present the iatrogenic complications arising following major surgeries performed 
openly or laparoscopically. In the first section, general complications, such as 
hemorrhage, fever, ileus and abscesses, are presented. Next, organ-related 
complications occurring during laparotomy, drainage of the abdominal cavity or 
abdominal wall reconstruction are described in detail. We then turn to the specific 
intra- and postoperative complications of various organs’ surgical treatment due to 
erroneous surgery indications, vascular lesions and lesions of the neighboring organs. 
We describe complications in the surgery of the mediastinum, thoracic and abdominal 
cavity and describe the particularities of thyroid, lung, esophagus, stomach, small 
intestine, appendix, colon, pancreas, hepatobiliary tract and hernia surgery and 
postoperative parietal defects. Complications occurring as a result of laparoscopic 
intervention, erroneous indications or complications in performing pneumoperitoneum 
during insertion of the trocars are also presented. Finally, we consider the specific 
iatrogenic complications arising during minimally invasive bile, hiatal hernia, cardiac 
achalasia, spleen and morbid obesity (gastric sleeve and gastroplication) surgery. 


Keywords: Abscess, Chylothorax, Duodenal stump insufficiency, Fistula, 
Hematoma of the scrotum, Hemoperitoneum, Hemopneumothorax, Mediastinitis, 
Pancreas, Peritonitis, Suture dehiscence. 


INTRODUCTION 


The severity of surgery-related injuries is directly influenced by the type of 
disease, the patient’s comorbidities and the surgeon’s experience. Unexpected 
complications may manifest after surgery, which can spoil the patient’s prognosis 
and endanger his life. The surgeon thus faces a new pathology, which is often 
difficult to diagnose or treat because it is caused by the original disease or the 
surgical procedure used during treatment. 
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GENERAL COMPLICATIONS 


The purpose of the atraumatic, tissue-friendly surgical technique is to minimize 
tissue damage, preserve vascular and nervous integrity, and prevent additional 
injury. Thus, we can ensure optimal tissue regeneration and reduce the rate of 
intra- or postoperative complications. 


Fever of unknown origin, pain, infections, anastomotic insufficiency and wound 
dehiscence appearing after surgery is often caused by nonuse of atraumatic 
techniques. The requirements for the application of atraumatic surgical techniques 
are: expertise in the field of surgical anatomy, biomechanics and physiology of 
wound healing, and an excellent knowledge of the application of special surgical 
tools used during surgery. These techniques prevail, especially, during tissue 
dissection, when blood-free anatomic target areas are created by dividing the 
tissues. In order to prevent complications, correct hemostasis and knowledge of 
the advantages and disadvantages of the preparation techniques, as well as their 
proper application, are required (sharp, dull, electrical, ultrasonic, efc.). 


To remove the blood, whey and tissue fragments created in the surgical area, it 
may be necessary to use drainage. This, however, is not a substitution for 
atraumatic technique. The rate of drainage-related complications depends on the 
quality, size, location and timing of surgical tube use. 


The quality of suture is also an aspect of the atraumatic technique, most trauma 
being caused by the inadequate use of surgical needles. Nowadays, the use of 
atraumatic needles is more common, yet the diameter of the needle, its profile 
(round, triangular) and thickness, as well as the quality of the thread 
(monofilament, multifilament, absorbable, efc.) are all important considerations. 
The suture method also affects the quality of the atraumatic technique. Knots in 
suturing with dense stitches cause tissue ischemia and necrosis. 


Aggressive surgical maneuvers induce tissue trauma with further functional or 
morphological damage [1]. 


SURGERY OF THE MEDIASTINAL CAVITY 


In this section, we will present the lesions related to surgery of the esophagus and 
thyroid gland. 


Iatrogenic Lesions in Surgery of the Esophagus 
Surgery of the Esophageal Diverticula 


Diverticulectomy is indicated in symptomatic cases (dysphagia, regurgitation) and 
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not for incidentally identified pulsating diverticula. Surgery is also indicated in 
associated inflammation, hemorrhages and chronically aspirated food remnants 
with aspirated pneumonia or lung fistulae. Reflux disease can be resolved with 
anti-reflux surgery. 


Complications of such surgery can be related to the surgical technique and relate 
to recurrence as a result of clogging the diverticulum or incomplete myotomy. 
Sutures applied to close the diverticulum’s aperture may cause stenosis, which 
can induce increased pressure and, in turn, lead to suture dehiscence. 


Intraoperative Injuries include the following main lesions: hemorrhages (injuries 
of the common carotid artery, inferior thyroid artery or jugular vein), injuries of 
the recurrent laryngeal nerve (with postoperative hoarseness) and perforation of 
surrounding organs (esophagus, stomach, spleen, liver, pleura, lung). 


Postoperative Injuries include fistulae (especially for Zenker’s diverticulum), 
dehiscence of the epiphrenic diverticulum (with life-threatening mediastinitis 
displayed with dyspnea, fever, retrosternal pain, pleural and mediastinal fluid 
accumulation), stenosis (with dysphagia) and diverticulum recurrence (errors in 
surgical technique) [1 - 4]. 


Surgery of Malignant Tumors of the Esophagus 


Incorrect Surgical Indication for esophagectomy can be the result of weak 
investigation of the patient. Improper preoperative assessment of metastatic status 
is a relatively common error, esophagectomy not being recommended in advanced 
stages, when the tumor infiltrates the respiratory tract, recurrent laryngeal nerve, 
lung or thyroid, even in the presence of liver or distant metastases. For example, 
in one of our cases, we intended to remove a diaphragmatic tumor reported 
preoperatively in a CT scan. Intraoperatively, a huge tumor of the middle third 
esophagus with infiltration of the trachea carina was identified, changing the 
operative protocol. The patient died 12 days after the surgery. This case attests to 
the necessity of attentive evaluation of the patient and choice of surgical 
procedure based on the tumor stage and localization, the patient’s status and 
comorbidities, as well as the surgeon’s experience and skill. 


There is no consensus on the radical surgical treatment for malignant tumors of 
the esophagus. For subtotal esophagectomy, three principles should be respected: 
transhiatal method (Orringer), transthoracic block dissection (Skinner), and “two 
fielded” lymph node dissection (Akiyama) [1, 5]. 


Errors Regarding the Surgical Technique are mainly related to the surgeon’s 
experience. For potentially curative tumors, oncologic radicalism and preserving 
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esophageal function should be the main objectives, taking into account the 
patient’s status and comorbidities. To preserve functionality, a Roux loop 
constructed from the jeyunum is ideal, however such a loop long enough to 
replace the whole esophagus is not possible. Replacement of the esophagus with 
stomach “tube” is effective. However, during the replacement, in some cases, we 
discover that its length is still not enough. Functionality is then better preserved 
using a retrosternally built gastric tube. The risk of duodenal gastroesophageal 
reflux is decreased, but the risk of dehiscence increases. The use of a colon tube is 
associated with a higher rate of postoperative complications [1, 6]. 


Intraoperative injuries during esophagectomy without thoracotomy comprise a 
large spectrum of lesions, including the following main complications: injury or 
perforation of the abdominal esophagus (with mediastinitis, gastritis or purulent 
complications), injury of the left hepatic lobe (during preparation of the 
abdominal esophagus), injury of the spleen (during preparation of the “gastric 
tube”), injury of the pancreas (during removal of adherences between the stomach 
and pancreas), injury of the stomach (during preparation of the “gastric tube”), 
vascular lesions (with hematoma formation or gastric wall ischemia), injuries of 
the recurrent laryngeal nerve, injury of the trachea or pleura (risk of pneumo- or 
hemothorax) and cardiac arrhythmia (during transhiatal preparation of the 
esophagus) [6 - 8]. 


Intraoperative Injuries during Esophagectomy with Thoracotomy include the 
following complications: pleural or pulmonary injuries (during removal of the 


pleural adherences), hemorrhages (lesions of the intercostal vessels, such as vena 
azygos, or of the aortic branches) and injuries of the thoracic duct (risk of 
chylothorax), trachea and bronchi [6 - 8]. 


Postoperative Complications are relatively common and primarily involve 
cervical, intrathoracic or pyloric suture dehiscence (with fistulae formation, 
dyspnea, thoracic pain, tachycardia, fever, hydrothorax) and necrosis of the organ 
that was intraoperatively injured [1, 7]. 


Gastric dilatation can be caused by incomplete pyloromyotomy. In these cases, 
gastric secretions are expelled through the nasogastric tube or by the patient 
vomiting. Lack of gastric emptying can be identified through radiology with 
contrast agents [6]. 


Several other complications can be associated. Swallowing disorders are more 
common in cervical anastomosis. Injury of the recurrent laryngeal nerve can lead 
to recurrent aspiration pneumonia. Chylo-, hemo- or pneumothorax can be 
consequences of injuries to the thoracic duct or pleura. Postoperative esophageal 
reflux, anastomotic stenosis (especially in retrosternal cervical 
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esophagogastrectomy), internal hernia and mechanical ileus on the hiatus of the 
dilated esophagus can also occur as postoperative complications [1]. 


Iatrogenic Lesions in Surgery of the Thyroid Gland 


Preoperative Errors 


Incorrect surgical indication is still considered to be based on the histological 
tumor type, although adapting the operative technique and extent of the surgery 
(partial versus total thyroidectomy) based on this differentiation is not endorsed 
by all surgeons. 


Partial_Thyroidectomy is considered a method of conservative surgery and 
includes lobectomy, hemithyroidectomy, subtotal thyroidectomy, total istmo- 
lobectomy on the lesion side and subtotal contralateral lobectomy. The arguments 
for partial thyroidectomy relate to the following: lack of multicentric clinical 
significance, low percentage of relapses in the remaining lobe or tissue (under 
5%), possibility of iodine sterilization of the remnant tissue, low rate of 
postoperative morbidity, and less aggressive substitution therapy. 


Total Thyroidectomy is indicated for multicentric tumors (30-80% of papillary 
carcinomas) to decrease the risk of recurrence (the rate is 4.7-24% after 
conservative excisions). The arguments against total thyroidectomy relate to the 
intraoperative risk of damage to the surrounding structures (parathyroid gland and 
nerves), postoperative functional dysfunctions and the necessity of hormone 
substitution. The arguments for total thyroidectomy relate to the following: 
minimal risk of loco-regional recurrences and distant metastases, no risk of 
secondary tumor of the remnant tissue (postirradiation), proper monitoring of 
relapses by determining the thyroglobulin level and correct iodine capture. If the 
survival rate in thyroid cancer after total thyroidectomy does not seem superior to 
more conservative approaches, it must be noted that disease-free survival appears 
significantly prolonged. 


For thyroid tumors over 1.5 cm in size, total thyroidectomy followed by 
radioiodine therapy and substitution is usually indicated. Conservative methods 
should only be applied following an accurate preoperative assessment based on 
the prognostic score, complemented by the intraoperative assessment of an 
experienced surgeon. In recent times, in cases of preoperatively suspected thyroid 
cancer confirmed by fine needle biopsy and reconfirmed intraoperatively on 
frozen sections, most surgeons have agreed to perform total thyroidectomies. This 
is also the surgery technique used for medullary carcinomas. Partial 
thyroidectomy is usually performed in minimally invasive follicular carcinomas 
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and intraparenchymal encapsulated papillary carcinomas less than 1 cm in size, 
and also in children and teenagers [9 - 11]. 


Intraoperative Complications 


Hemorrhages are the most common complications occurring during thyroid 
surgery. Venous injuries (internal jugular vein, anterior jugular vein, thyroid 
veins) can occur during cervical lymphadenectomy and can be complicated by gas 
embolism. Immediate compression is necessary. The most common arterial 
structures that can be damaged are the thyroid vascular pedicles, the superior 
thyroid artery (which can slip from the sealant forceps) and inferior thyroid artery 
(usually associated with injury of the recurrent nerve). 


Lesions of the Recurrent Nerves occur in 2% of cases, the rate of injury being 
based on the surgeon’s experience and the tumor characteristics. In most cases, 
the injury occurs during preparation of the inferior thyroid pedicle, which should 
be as close to the thyroid capsule as possible. To avoid its lesion in thyroid cancer, 
thyroidectomy is performed after preparation of the recurrent nerve. The clinical 
consequences are recurrent unilateral or bilateral palsy with voice changes, 
phonation disorders, swallowing disorders and hoarseness. The bilateral damage 
can also cause respiratory failure and tracheostomy is sometimes necessary [7]. 


Postoperative Complications 


Hematomas can compress the trachea and esophagus and sometimes evacuation, 
sealant or Redon drainage is necessary. 


Respiratory Disorders occur due to bilateral injuries of the recurrent nerves, 
tracheal compression by hematoma, laryngeal edema, tracheitis or tracheomalacia. 


Postoperative _Hypoparathyroidism is caused by surgical removal of the 
parathyroid glands. It is clinically manifested by paresthesia, numbness, tingling, 
muscle cramps and tetany seizures. Following total thyroidectomy, with or 
without parathyroid autotransplantation, hypocalcemia occurs in one third of 
cases, persisting for more than three months in only 2% of cases, calcium 
supplementation being necessary. 


Pneumothorax is the result of pleural injuries during surgical removal of a 
retrosternal goiter. 


Perforation of the Esophagus and/or Trachea predisposes the patient to fistulae 


formation. 
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Thoracic Duct Injury is a rare complication that occurs during left cervical 
lymphadenectomy and is manifested by lymphorrhagia. 


Other Local Complications include swelling of the skin flap, wound suppuration, 
adherence of the skin flap to the trachea, and movement of the flap with 
swallowing [7, 12]. 


Iatrogenic Lesions in Lung Surgery 


Thoracic surgery is associated with high rates of mortality and morbidity. 
Lobectomy has a mortality rate of 3%, rising to 4.5% for double lobectomy and 6- 
10% for pneumectomy [13]. 


Intraoperative Complications 


Intraoperative incidents in thoracic surgery include incidents of anesthesia and 
intraoperative injuries (injuries of the chest wall, heart and great vessels, thoracic 
duct, diaphragm and esophagus). 


Incidents of Anesthesia 


These incidents primarily occur during tracheal intubation and relate to lesions of 
the mouth (tongue, teeth and lips), larynx, pharynx and vocal cords. Difficult 
intubation can be followed by arterial desaturation and gastric reflux, further 
followed by aspiration pneumonia. Endobronchial intubation can also be difficult 
and often requires intraoperative bronchoscopy. Furthermore, during general 
anesthesia, pulmonary ventilation disorders can be associated with cardiac 
dysfunctions, such as arrhythmias, rhythm disturbances and acute myocardial 
infarction. 


Intraoperative Injuries 


Chest Wall Injuries comprise rib fractures, which are the most common, followed 
by intercostal vessel and intercostal muscle injuries. Rib fractures usually do not 
require immobilization or osteosynthesis. Intercostal vessel injuries require 
prompt recognition and appropriate homeostasis. Otherwise, severe bleeding 
occurs in the early postoperative period, and surgical reintervention can be 
necessary. Intercostal muscle injuries can be avoided by practicing thoracotomy 
on the upper edge of the lower rib. 


Heart and Large Vessels Injuries should be recognized and treated promptly, as 
they are followed by severe bleeding. Small injuries of the heart can be resolved 
with simple suturing, but severe injuries often require extracorporeal circulation. 
The most common injury involves the left atrium, which can occur during 
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preparation of the pulmonary veins. If heart injuries are extended, they can also 
involve the coronary arteries. The latter are difficult to recognize and myocardial 
infarction can occur during surgical intervention. Such incidents can be resolved 
by aortocoronary bypass. 


Large vessel injuries are often secondary to intrathoracic surgery-induced 
dissection. The vessels of the lungs (artery and veins) can be affected. If the 
intrapleural approach is difficult, a pericardial window should instead be 
performed. During left thoracotomy, the thoracic aorta is most vulnerable to 
trauma, but the left carotid common artery and left subclavial artery are also 
vulnerable. During right thoracotomy, the superior cava vein, brachiocephalic 
vein, azygos vein and brachiocephalic trunk can also be injured. Usually, these 
injuries are followed by severe and even life-threatening bleeding that must be 
promptly recognized and treated. 


Pericardium Injuries can occur during left thoracotomy. Small pericardial lesions 
do not require surgical treatment, being well tolerated. Serious injuries usually 
occur during right thoracotomy, and can be followed by the torsion of the great 
vessels and heart. 


Lung Injuries can occur during thoracotomy, especially in patients with pleural 
adhesions. These lesions should be quickly recognized and sutured as they are 
followed by air leaks, leading to postoperative lung atelectasis and pneumothorax. 


Injuries of the Upper Airways refer to lesions of the trachea and bronchial tree. 
Tracheal lesions should be recognized and treated promptly, and simple suturing 
is usually not sufficient. Protective patches, such as heterologous bovine 
pericardium, are usually necessary [14]. Small bronchial tree lesions can be 
resolved via simple suture and the suture line can be protected with an intercostal 
muscle pedicle, pleural pedicle, pericardial fat or greater omentum flap. For large 
lesions, resection of the adjacent lung parenchyma should be performed. The aim 
of this resection is to prevent the occurrence of postoperative bronchial fistulae. 
Failure to obtain pulmonary inflation following thoracic surgery can be due to a 
large volume of bronchial liquid. However, this liquid can be removed through 
bronchoscopy, suction and lavage. 


Esophageal Injuries primarily involve the thoracic esophagus. The lesions are 
more common during right than left thoracotomy. Small lesions can be resolved 
by simple suturing, but large injuries usually require partial resection of the 
esophagus to prevent further esophageal fistulae. 
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Injuries of the Thoracic Duct can occur during thoracotomies performed on both 
sides, but most often on the left side. The potential for postoperative chylothorax 
is resolved by introducing octreotide one week before surgery [15]. 


Injuries of the Diaphragm can be resolved by simple suturing, but larger injuries 
can require diaphragm reconstruction, with heterologous patch or diaphragm 
reinsertion. These injuries should be recognized in early stages to avoid the 
occurrence of respiratory insufficiency or diaphragmatic hernia. 


Injuries of the Phrenic Nerve primarily occur in patients with pleural adhesions 
[16]. 


Postoperative Complications 


Postoperative complications can be divided into two categories according to the 
time of onset: early (local and systemic) and delayed (local only). 


Early Postoperative Complications 


Systemic complications of thoracic surgery are the same as those associated with 
general surgery and include cardiovascular lesions (arrhythmia, conduction 
disorders, acute myocardial infarction, stroke, thrombophlebitis, pulmonary 
embolism, acute urinary retention, efc.). 


Early local complications primarily refer to serious complications, such as 
hemothorax and risk of hemorrhagic shock. Surgical intervention and homeostasis 
are imposed if external drainage collects more than 1000 milliliters overall, or 200 
milliliters of blood/hour for four to six hours [17]. 


Persistent air leaks are the most common postoperative complication of 
pulmonary resections that determines prolonged hospitalization [18]. 
Pneumothorax occurs in cases of ineffective external pleural drainage or 
significant air leakage. In such cases, the condition is resolved by treating the 
cause of the pneumothorax. Subcutaneous or mediastinal emphysema is usually 
secondary to ineffective pleural drainage. Postoperative atelectasis is attributable 
to a large volume of endobronchial liquid. This can be removed by bronchoscopy, 
suction and lavage. 


Acute respiratory failure usually requires mechanical ventilation and/or 
respiratory support and orotracheal intubation. It should be accompanied by 
identification and proper treatment of its leading cause. Following lung resection, 
bronchial fistulae occur in 6-10% of cases [19]. This can be resolved by 
performing passive lavage of the pleural cavity, pleural drainage and insertion of 
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local antiseptic solutions. ARDS can emerge in patients who require prolonged 
respiratory support or mechanical ventilation. 


Late Local Complications 


The persistence of pleural effusion or empyema may demand pleural 
decortication. Following pneumectomy, approximately 2-15% of patients present 
empyema, with a mortality rate of 10%. 


Late bronchial stump fistulae can occur after radiotherapy, and can require 
surgical treatment. 


Bronchial stump granuloma can occur after pneumectomy or lobectomy and 
usually demand surgical repair [20, 21]. 


Specific Complications after Lung Transplantation 


Besides the specific surgical complications of thoracic surgery, some specific 
postoperative complications can be associated with lung transplantation. The most 
common early postoperative complications relate to bronchial anastomosis and 
include stenosis or anastomotic fistulae. In the late postoperative period, bronchial 
stenosis is common [22]. 


Other complications involve acute and chronic rejection. The risk of acute 
rejection is present until the first postoperatively day. The rate of acute rejection is 
about 70-80%, despite correct immunosuppressive treatment [23]. The most 
common signs of acute rejection are fever, hypoxemia, worsening of lung 
function and infiltrates on the chest X-ray [16]. 


The clinical signs of chronic rejection (bronchiolitis obliterans) include dyspnea 
and signs of obstruction on spirometry. These signs are present in 60% of 
recipients who survive for at least five years postoperatively and are associated 
with poor survival rates [24]. 


Due to high doses of immunosuppressives and exposure of the transplanted lung 
to environmental factors, the incidence of the post-transplant infectious diseases 
(bacterial, viral and fungal) is quite high [25]. The most common infection is 
pneumonia, occurring in 33-66% of recipients [26]. 


SURGERY OF THE ABDOMINAL CAVITY 


In this section, we will present lesions related to the surgery of the stomach, 
colon, appendix, liver, bile ducts and pancreas. 
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Complications Related to Tissue Trauma 


Tearing the mesentery can cause temporary loss of nerve function (neurapraxia) 
which leads to motility disorders. Aggressive maneuvers can cause subcapsular 
hematoma or tears on the liver or spleen, mesenteric or subserosal hematomas and 
even luminal openings. In cases of malignant tumors, aggressive manipulation can 
lead to a spread of tumor cells (implantation metastasis), and therefore the 
principle of “no touch isolation” should be respected. Other clinical 
manifestations of tissue trauma include the following lesions [1, 7]: 


e Hemorrhage demands hemostasis, which is often time-consuming, difficult, 
partial, can occur postoperatively and requires reintervention. Injuries of the 
splenic hilum or its lower pole can call for splenectomy. 

e Subileus and Paralytic Ileus can be the consequence of intestine and mesentery 
traction, peritonitis or peritoneal irritation. 

e Intra-Abdominal Abscess can be caused by encapsulated seroma, hematoma or 
intestinal contents, which are consequences of trauma. 


Vomiting, Hiccups and Fever 


Vomiting, hiccups and fever are common surgery-related complications whose 
exact mechanisms should be clarified [7]. 


Vomiting is most common following abdominal interventions. Intestinal tears, 
gastrointestinal resection and drugs used for anesthetic purposes may be involved 
in its etiology. Vomiting may occur pre-, intra- and postoperatively. It can be an 
early or delayed postoperative complication. Prolonged vomiting can be related to 
surgery (peritonitis, ileus) or metabolic disorders. 


Hiccups are involuntary convulsive contractions of the diaphragm. They can 
intensify pain and cause insomnia. The pathomechanism is based on four main 
causes: barbiturates used in anesthesia, traction of the supramesocolic organs 
(during incomplete general anesthesia), irritation of the phrenic nerve (due to the 
drain tube under the pouch, blood accumulation or abscess) and acute gastric 
dilatation (associated with flatulence, ileus, peritonitis, etc.). 


Fever can be a sign of purulent inflammations, such as abdominal wall 
phlegmon, abscesses, enterocolitis, efc. 


Postoperative Ileus 


In patients undergoing complex abdominal surgery (long-term interventions, 
especially for colorectal lesions), postoperative ileus can be a life-threatening 
lesion. The pathomechanism is based on the postsurgical sympathomimetic- 
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adrenergic reaction. It induces decreasing levels of digestive enzymes and 
intestinal motilities. Dysfunctions of intestinal absorption lead to hypokalemia, 
intensification of the tone of the sphincter and increase of the volume of intestinal 
gases. The patient experiences abdominal pain and distension. At palpation, the 
abdomen is rigid, sensitive to touch, without bowel movements. Abdominal X-ray 
exam shows hydroaeric shadows. Details regarding this lesion will be presented 
below in the section on surgery of the abdominal cavity [7]. 


Laparotomy-Related Lesions 


Laparotomy refers to the transection of abdominal wall tissue during surgery. It is 
intended to assure intraoperative accessibility, flexibility (allowing extension in 
any direction during surgery) and security (maintaining the integrity and 
functionality of the vascular and nervous structures of the abdominal wall). 


The correctly performed laparotomy should be based on the following principles: 
provision of optimal penetration and exploration of the organ or surgical area; 
causing minimal damage to the abdominal wall; allowing extension, if necessary; 
permitting easy, functional and resistant wound closure; causing little damage to 
the resistance of the abdominal wall; and leaving an aesthetic scar after surgery. 


Midline laparotomies are easy to perform and reconstruct, yet they do not always 
ensure the most optimal exploration of the target organ. In the case of the liver or 
pancreas, especially for obese patients, bilateral subcostal or subcostal laparotomy 
(Lecler’s incision) ensures more effective exploration. Subcostal, transverse 
laparotomies are time-consuming during penetration and reconstruction. Not only 
the muscle but also the nerves are damaged and, following surgery, dermal hypo- 
or anesthesia and low muscle tonus can emerge. Nowadays the “great surgeon, 
great incision” principle is no longer valid. In the optimal exploration process, in 
addition to the incision, the laparotomy itself, the patient’s position on the surgical 
table and the correct use of the exploration spatula and isolation fields all play key 
roles. The main complications of laparotomy include the following [1, 7]: 


e Liver Injuries are more common following midline laparotomy. The left lobe is 
usually damaged and the extent of injury depends on the surgical tool. In the 
case of scalpel use, tissue injuries are deeper and more prone to bleeding as 
compared to the use of an electric knife. 

e Splenic Injury primarily occurs following left subcostal laparotomies. Injury to 
the spleen may be superficial, with only the capsule being damaged, or deep, 
often demanding a splenectomy. 

e Omentum Injury manifests as hemorrhage. Additional injuries, such as lesions 
of the small intestine, can be associated. 

e Injuries of the GI Tract primarily relate to the small intestine, stomach or 
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colon. Scalpel-related injuries are usually linear and easy to control. In some 
cases, luminal opening can be associated, leading to infection or suture failure. 
These injuries can be prevented by lifting the abdominal wall. After the opening 
of the peritoneum, the abdominal wall is lifted with two fingers, allowing for 
incision between the fingers. Injuries caused by electric knife use are wider and 
more linear, and it is extremely important to notice and immediately treat them, 
as necrosis may induce an intestinal fistula. In the case of relaparotomies, 
damage to the intra-abdominal organs may be partial or complete, and may be 
extended if the serosa is damaged on a larger surface or even the whole 
intestinal wall. The injury is not linear and suture failure may result. 


Complications following closure of the abdominal wall are relatively common 
and include the following five lesions: 


l. 


Wound Hematoma can occur in patients with hepatic disorders or 
coagulopathies, or users of anticoagulants. In some cases, it is caused by cough 
or incorrect hemostasis. The wound is swollen, its periphery is discolored, 
ecchymosis can be associated and the patient’s complaints include painful 
pressure. Protrusion of the abdominal wall, wound leakage and/or suppuration 
can be associated. 


. Wound Suppuration can be caused by superinfection with pathogens, 


inadequate immunity and vascular disorders (vasculitis, ischemia, collagen 
disorders). Wound infection prophylaxis includes the following principles: 
respect for asepsis and antisepsis; prevention of hematoma and/or seroma 
formation; use of Redon drainage; and prophylactic pre- and intraoperative 
antibiotherapy. Wound treatment involves reopening, cleaning and removing 
the infected tissue. Adequate blood flow to the wound periphery is assured by 
pressure relief through a sparse suture or incision. 


. Thread Suppuration/Granuloma is a delayed wound complication occurring 


after use of nonabsorbable multifilament threads. It can be complicated by 
postoperative abdominal wall defects. 


. Wound Dehiscence can be classified as partial or total, superficial or deep 


dehiscence. The deep tissues are first affected, the skin being implicated in the 
final steps. It can be complicated by evisceration (usually between five and 10 
days following surgery). The risk of postoperative dehiscence is influenced by 
the following local and general factors: incision location (more common after 
midline laparotomy), improper healing (associated hematoma, seroma, 
suppuration), inadequate surgical technique and/or suturing material, high 
intra-abdominal pressure (ascites, cough, distension), associated comorbidities 
(DM, uremia, jaundice, hypoproteinemia, anemia, obesity) and specific 
medications (steroids, chemotherapeutics, immunosuppressive agents). 
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5. Postoperative Abdominal Wall Defects occur in more than 10% of patients 
undergoing laparotomy. The risk of defects is influenced by the factors outlined 
regarding the genesis of wound dehiscence. 


Hernia Surgery and Postoperative Defects of the Abdominal Wall 


Incorrect Surgical Indication refers to the optimal time of the procedure, which 
depends on the associated comorbidities [1]. 


Errors Regarding Surgical Technique are difficult to avoid. Complications are 
common following suture performed under tension, the rate decreasing to 20-30% 
for Bassini-type procedures and to 1% for the Lichtenstein technique. 
Postoperative defects of the abdominal wall are primarily attributable to use of 
implants/surgical meshes. Post-implant complications are related to the type, 
structure and composition of the meshes, as well as the type of technique. The 
mesh can be placed in relation to the layers of the abdominal wall in an onlay, 
sublay or inlay manner. Most complications occur during placement of the onlay 
mesh. The most commonly used mesh is the monofilament, unabsorbable, 
macroporous, prolene mesh; however, its contact with the intestines must be 
prevented, as it causes erosions. Therefore, prolene mesh cannot be used for inlay 
techniques. In cases of inlay techniques, double-layered meshes (Dual Mesh, 
Composix Mesh) are recommended, the visceral side of which prevents the 
formation of adherences [27]. 


Intraoperative Complications include the following lesions: opening of a hollow 
organ (injuries of the small intestine, colon or bladder, and sepsis), reinsertion of 
an unviable intestinal loop into the abdominal cavity (with further postoperative 
complications), hemorrhages (injury of the inferior epigastric artery, femoral 
artery, femoral vein, “corona mortis”, referring to the vascular anastomosis 
between the obturator artery and inferior epigastric artery, testicular artery with 
further testicular necrosis), injuries of the ductus deferens, and neural damage 
(causing neurinoma, pain and sensorial dysfunctions) [7]. 


Postoperative Complications include the following lesions: hematomas (scrotum 
and abdominal wall hematomas are caused by insufficient hemostasis and 
predispose the patient to infections), seroma formation (after eventrations and 
hernias, being caused by long-term preparation; Rendon’s drainage can prevent its 
formation), wound suppuration, local edema (penis, testicles and scrotum can be 
affected after compression or injury of the spermatic cord), testicular atrophy 
(after ischemia) or necrosis (caused by the ligation of testicular veins), and 
evisceration (following postoperative defects of the abdominal wall). 
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Hernia recurrence can be caused by choosing the wrong mesh size (too small 
causes shrinkage, too large causes “dead zones” and infections). 


Other postoperative complications include respiratory failure (raising the 
diaphragm when the reconstruction is performed under tension), formation of 
foreign body granulomas (caused by multifilament threads and meshes), intestinal 
fistulae and postoperative ileus (caused by intestinal adhesions) [1]. 


Complications Caused by Abdominal Drainage 


Drainage is used to remove the fluid, blood and/or tissue fragments generated 
during surgery. The surgical drain tube should be flexible, maintain its form, have 
appropriately sized lumens and be equipped with side holes. If the drain tube is 
too rigid or hard, it erodes the walls of hollow organs. Drainage through the 
laparotomy hole causes wound suppuration, therefore the tube should be guided 
through another aperture. 


If the drainage is performed for too long it can lead to ascending infection or 
intestinal obstruction due to the bowel’s adhesion to the drainage tube. To avoid 
complications, the tube should be removed if the volume of the secretion is less 
than 50 ml in 24 hours. 


During tube insertion, the forceps can cause injuries to the liver, small intestine, 
colon or bladder. In one of our cases, the drainage tube was mobilized, migrated 
through the inguinal region into the Douglas pouch and perforated the external 
iliac artery. On the fourth postoperative day, a significant hemorrhage occurred 
after the drainage tube was shortened and hemostasis was necessary. To avoid and 
successfully resolve such complications, the drainage tube should be inserted and 
controlled by the operating surgeon [1, 7, 28, 29]. 


Errors and Complications in Laparoscopic Surgery 


Laparoscopic surgery is preferred in clinical practice due to its shorter surgery 
time as compared to traditional open surgery, minimal invasiveness, minimal 
trauma and lower rates of complications [1]. 


Preoperative Errors 


Incorrect surgical indications can lead to necessary transformation of the 
laparoscopic technique into open surgery. This especially occurs in patients with 
associated morbidities, such as cardiorespiratory diseases. 
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Intraoperative Complications 


Pneumoperitoneum-Related Complications especially include injuries to 
organs/structures such as the omentum, small intestine, transverse colon and, 


rarely, the liver. In cases of suspected organ damage, extensive exploration is 
mandatory. Other consequences include air accumulation in the round ligament 
and major omentum, usually without clinical complaints. However, these 
consequences can nevertheless be avoided with careful insertion of the Veress 
needle, lifting of the abdominal wall and attentive checking of specific parameters 
(the needle’s interoperability and the pressure of the insufflators). Moreover, the 
pneumoperitoneum should be gradually induced and, in patients with previous 
surgeries, the pneumoperitoneum can be performed via open surgery [1]. 


Complications Caused by Trocars are more severe and especially relate to the 
hemoperitoneum, the optical trocar being “blindly” inserted after creating the 
pneumoperitoneum, most often along the linea alba above the omphalocele. 
However, hemorrhages at the level of the optical trocars are rare, being the result 
of vascular injuries (epigastric arteries, umbilical veins and, very rarely, large 
abdominal vessels). They can be prevented by checking the trocar’s placement 
after translumination. After finishing the procedure, besides optical inspection, all 
trocars should be removed and, in case of hemorrhage, hemostasis should be 
performed. 


Injuries of the abdominal wall can have an appearance similar to a hernia. They 
can occur after using trocars with closure larger than 10 mm. They can be 
prevented by inserting the trocar diagonally through the layers of the abdominal 
wall, or by closing the large closures. Trocar-induced damage can also involve the 
liver, omentum, spleen, colon, small intestine and stomach, which are inflated 
during intubation. Nonrecognition of these lesions can demand reintervention [1]. 


Preparation-Related Complications depend on the technique that is used and the 
organ that is removed [1, 7, 30]: 


Laparoscopic cholecystectomy can be associated with hemorrhages (most often in 
the liver, due to injury of the cystic artery or right hepatic artery), bile leakage 
(injury of the gallbladder), injuries of the cystic duct or extrahepatic biliary tracts, 
bilirrhagia and postoperative jaundice (clipping of the biliary tracts). 


Laparoscopic surgery of hiatal hernia can be associated with hemorrhages 
(esophageal rupture during preparation of the greater curvature or rupture of the 
spleen or liver), organs/structures damage (esophagus, vagus nerve, intestine) and 
pneumothorax/pneumomediastinum (pleural lesions). 
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Technical errors can occur during reconstruction of the hiatus (the diaphragm 
being too tight, inducing dysphagia, or too loose, a feature that can be prevented 
by correct suture placement and the insertion of a 34-36 cm width probe into the 
stomach during reconstruction) or during creation of the stomach “muff”. A 
“muff” that is too tight causes dysphagia, whereas a “muff” that is too loose or 
inadequately fixed to the esophagus can lead to the stomach telescoping into the 
mediastinal cavity. This “muff” complication can be prevented by using adequate 
technique — with the preparation of the greater curvature, the “muff” must fit 
smoothly around the esophagus, as it is to be fixed with a suture to the esophagus, 
so its length should be about 2 cm and during its creation the Fouche probe should 
be inserted into the stomach. 


Laparoscopic surgery of achalasia can be associated, during preparation, with 
hemorrhages (from the periesophageal/pericardial arteries, arteries of the 
abdominal wall or hepatic injuries). Perforation of the esophagus or stomach can 
occur during myotomy (with tools) or during the insertion of probes. It requires 
treatment and covering with Dor fundoplication, which prevents postoperative 
complications. Lesions of the distal esophagus cannot be recognized during 
surgery, but gradual postoperative perforation with mediastinitis can occur. This 
is why fundoplication is necessary during laparoscopic correction of achalasia. 
Injury of the pleura can cause pneumothorax, whereas incomplete myotomy can 
cause postoperative dysphagia. 


Laparoscopic splenectomy can be complicated by hemorrhages (from the arteries 
of the omentum or gastrocolic ligament, spleen arteries or spleen parenchyma). In 
severe hemorrhage, conversion to open surgery might be necessary. Spleen 
lesions, which can occur during preparation or in cases of large spleen removal, 
can cause splenosis or idiopathic thrombocytopenic purpura (ITP). Accessory 
spleen incidentally identified intraoperatively should be removed to avoid 
postoperative functional complications. 


Laparoscopic hernioplasty can be associated with intraoperative hemorrhages 
(injury of the inferior epigastric arteries and veins, or external iliac artery and 
veins), intestinal injuries with fistulae (caused by diathermic tools or mesh 
erosion), injury of the bladder (requiring conversion), nerve damage (by the clasps 
used for fixation of the mesh during the TAPP technique; this can be prevented by 
not applying a clasp to the inguinal ligament), seroma or hematoma formation, 
injury of the spermatic cord, subcutaneous emphysema of the scrotum (during gas 
insufflations), peritonitis, orchiepididymitis, etc. 


Complications during Laparoscopic Surgery of Morbid Obesity 


Minimally invasive techniques have allowed increasing numbers of patients to 
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undergo laparoscopic therapy for morbid obesity. The methods used can be 
restrictive, malabsorptive or mixed. Restrictive methods decrease the reservoir 
function of the stomach and include gastric banding, longitudinal gastrectomy, 
sleeve gastrectomy and gastroplication. Malabsorptive methods include the 
jejunoileal bypass, biliopancreatic diversion and duodenal switch. Mixed methods 
used both above-mentioned classes of technique (e.g., Roux-Y gastric bypass). 
Restrictive methods are preferred as they are easier and faster for the surgeon to 
perform, as compared to the malabsorptive methods, and the rate of complications 
is lower. Use of gastric banding has been abandoned due to the increased risk of 
foreign body reactions. 


General Complications 


Hemorrhages primarily occur from the veins of the gastrocolic ligament, spleen 
vessels or incision surface following transection of the stomach. During gastric 
preparation, the vascularity can be damaged and, rarely, the spleen can be 
ruptured. Hemostasis is necessary in such cases. During construction of the 
stomach “tube” and after applying Endo-GIA, bleeding from the gastric vessels 
and resection surface can occur. Covering the resection surface with a 
biodegradable material (Peri-Strips Dry) is necessary, alternatively applying 
suture with continual stitches, usually using absorbable thread. Bleeding of the 
resection surface constitutes the majority of postoperative bleedings 
(intraperitoneally or intraluminally, with melena). 


Transection of the esophagus is a very rare complication that primarily occurs 
during the Endo-GIA longitudinal gastrectomy. It can be prevented by using an 
adequate technique. A 34-36 cm diameter Faucher tube can be inserted into the 
stomach to appreciate the stomach “tube” diameter and prevent esophageal 
transection [31, 32]. 


Suture dehiscence 1s the most severe complication, with a 5% occurrence rate. Its 
occurrence is accompanied by fever, tachycardia and tachypnea, and can be 
diagnosed using imagistic methods and contrast agents. Peritonitis and 
hemodynamic instability are signs of severe dehiscence that demands 
reintervention [33]. 


Abscess can be the consequence of superinfection of released fluid or blood, but 
also of suture dehiscence. 


Stenosis of the stomach “tube” rarely occurs during the early postoperative period 
(being caused by mucosal edema), and is more commonly a delayed complication 
that involves the angular incision area. The main clinical symptom is vomiting 
[33]. 
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Malnutrition occurs due to disorders of gastric absorption of vitamin B12, iron 
and other microelements [33]. 


Complications of Laparoscopic Gastroplication 


Laparoscopic gastroplication is a restrictive method used in minimally invasive 
treatment of morbid obesity. The most widespread method is the plication of the 
gastric greater curvature, but plication of the frontal wall is also used. The aim of 
this technique is to infuse the greater curvature towards the lumen, after 
skeletonization with double- or triple-layered suture, decreasing the gastric lumen. 
It seems to cause fewer complications (1%) than the other resection methods, is 
less expensive and presents similar postoperative results [34, 35]. 


Nausea, vomiting and sialorrhea usually decrease before stopping three to five 
days after bowel movement recovery. It can persist in patients with high pressure 
in the stomach’s lumen, being more common after three-row gastroplication [34, 
35]. 


Stenosis of the stomach “tube” can be indicated by nausea and vomiting, and is 
more common after three-row gastroplication, when the stomach’s lumen is 
tightened too forcefully. It can be prevented by inserting a 34-36 cm Faucher 
probe into the stomach during the procedure. Gastric stenosis can be caused by 
stomach kinking, angulation along the sutures or protrusion of the abdominal wall 
between two sutures that are placed too far from each other. It occurs most 
commonly in the stomach’s fundus due to decrease visibility [34, 35]. 


Gastroparesis can be caused by seroma or fluid accumulation between the 
sutures. It can be prevented by using the correct suturing technique. Three-row 
plicature is rarely advised. Two days after surgery, before removing the probe, a 
gastric emptying test with gastrografin and even endoscopy is necessary to check 
the gastric wall functionality [34, 35]. 


Gastric fistulae can be formed along the suture both intra- and postoperatively. 
This is a rare complication that occurs most commonly at the gastric fundus. The 
gastroplication begins 2 cm from the cardia at the stomach fundus, where 
visibility is low, the suture penetrates too deeply into the wall of the abdomen and 
is transfixed. However, the sutures can be verified during the intraoperative phase. 
After finishing gastroplication, the Faucher probe is removed and a 16 cm 
stomach probe is inserted by the anesthesiologist, through which 100 ml of 
methylene blue solution is introduced into the stomach, to check for fistulae 
formation. The clinical symptoms are intensive abdominal pain, fever and 
tachycardia. 
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Postoperative perforation can be caused by excessive pressure in the stomach. For 
example, in one of our patients, stomach pain, fever, tachycardia and tachypnea 
emerged four days after surgery. The patient declared that he had consumed 
excessive amounts of potato and lentil pottage eight hours before the onset of 
symptoms. Relaparoscopy was performed. Gastric wall prolapse at the gastric 
fundus and a 2 cm perforation were identified. One layer closing of the 
perforation was performed and the patient survived without complications. This 
case highlights the necessity of informing the patient about the required 
postoperative diet and amount of food to be taken. The diet should contain 800 
kilocalories, 25-50 ml per meal, with gradually augmentation [34, 35]. 


Gastric dilatation and postoperative increasing of body weight are usually 
patient-related complications. In our patients, body weight increases were 
associated with gastric dilatation at between eight and 10 months after surgery, 
when the patients returned to their previous lifestyle, consuming excessive 
amounts of food. During laparoscopic reintervention in one patient, we detected a 
broader stomach and three sutures of gastroplication were performed. However, 
postoperative education is mandatory [34, 35]. 


IATROGENIC LESIONS IN GASTRIC SURGERY 


Surgery of the Peptic Ulcer 


Nowadays, the indication of surgery for treating gastroduodenal ulcers has been 
significantly lowered by the availability of medicines such as histamine-H2 
receptor antagonists, proton pump inhibitors (PPIs) and antibiotics used for 
Helicobacter pylori eradication. Surgical therapy is used in cases of complications 
such as perforations, stenosis and severe bleeding. The surgical-related 
complications depend on the associated lesions. 


Surgery of the Peptic Ulcer with Associated Hemorrhage is especially 
centralized on bleeding control that can be endoscopically obtained in 80-90% of 
cases. However, in cases where endoscopic hemostasis fails or bleeding reoccurs, 
open gastric suture or gastrectomy is necessary. The surgery indications should 
take into account the following parameters: the patient’s age, general status, 
comorbidities, ulcer location and intensity of the hemorrhage. The suture of the 
ulcer should be performed by an experienced surgeon. However, in giant ulcers 
penetrating into the pancreas or liver, ulcer suture is only a temporary 
intervention, and gastrectomy is recommended [1, 7]. 


An important therapeutic issue is the differential diagnosis of peptic ulcers and 
vascular malformations, such as gastric angiodysplasia or Dieulafoy’s lesion 
(abnormally large and tortuous vessels in gastric submucosa, without caliber loss, 
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protruding through a small mucosal defect). In these patients, associated vascular 
lesions can cause recurrent bleeding and fistulae formation, a life-threatening 
sepsis being sometimes associated. In our hospital, we have encountered some 
cases of gastric vascular malformations in which fulminant hematemesis 
masqueraded as a tumor or peptic ulcer. In one of these cases, endoscopic suture 
was followed by open laparotomy suture. The bleeding did not stop and 
gastrectomy was necessary. However, the patient died of septic shock. A section 
of the gastric wall revealed intramural hematoma with large tortuous vessels 
under the microscope (Fig. 17-1) [36, 37]. In another case, a young female was 
diagnosed with early gastric cancer, which was endoscopically resected, but 
recurrent bleeding called for partial gastrectomy. No tumor was identified but 
multifocal gastric angiodysplasia was found under the microscope. In the remnant 
stomach and duodenum, a fistula reoccurred and death was the ultimate result. In 
the final case relevant to this section, a patient with previously diagnosed 
myocardial and intestinal infarctions presented with acute abdominal pain and 
emergency laparotomy revealed segmental necrosis with perforation of the gastric 
wall from the smaller curvature. Longitudinal gastric wall resection was 
performed and angiodysplasia was also identified. 





Fig. (17-1). Gastric vascular malformation characterized by intramural hematoma (left) and large 
intramucosal tortuous vessels that cross the muscularis mucosae (right), predisposing the patient to mucosal 
bleeding (courtesy of Prof. Simona Gurzu). 


Surgery of the Perforated Peptic Ulcer is associated with minimal errors, this 
lesion being usually recognized early and treated through open laparoscopy. 
However, in some cases, a perforated ulcer can masquerade as an associated 
benign or malignant lesion. For example, in one of our more challenging cases, a 
young patient presented with sharp pain in the epigastrium, muscular defense in 
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the right iliac fossa and leukocytosis (14500/microliter). Appendectomy was 
performed using McBurney’s incision. The appendix was perforated and 
pseudomembranes were identified on the cecum wall. After surgery, the patient 
presented intensified abdominal pain, muscular defense and worsening general 
status. Re-exploration of the abdominal cavity through midline laparotomy 
revealed a prepyloric ulcer perforated in the omental bursa. This ulcer was 
sutured, abdominal lavage was applied and no postoperative complications were 
associated. 


To exclude a malignancy, in patients with large perforated ulcers, gastric excision 
should be performed, whereas intraoperative biopsy and suture are recommended 
for small perforated and hemorrhagic ulcers. If excision or biopsy cannot be 
performed during surgery, gastroscopic biopsy should be indicated after recovery 


[1]. 


Gastrectomy or truncal vagotomy with pyloroplasty is today rarely performed in 
patients with perforated duodenal ulcer. Ulcer suture with infrequent omentum 
Graham patch is usually indicated [38, 39]. 


Ulcer suture can be followed by a large spectrum of postoperative complications, 
including reperforation (due to suturing that is too tight or too close to the 
periphery of the perforation), duodenal stenosis (due to suturing that is too far 
from the periphery of the perforation, taking too much out of the duodenal wall), 
remnant undiagnosed malignancy, delayed gastric emptying (remnant pyloric 
stenosis) and postoperative subphrenic abscess (inadequate lavage/drainage) [1, 
7]. 


Truncal vagotomy can be followed by recurring ulcer (due to incomplete 
vagotomy), lack of truncal transection, or injuries/perforation of the pleura or 
esophageal/gastric wall (during preparation of the vagal trunks). During 
preparation of the anterior vagal trunk, removal of the gastric tube is 
recommended, as it may otherwise be confused with the vagal trunk, leading to 
esophageal injuries. Proximal selective vagotomy can be associated with lack of 
denervation of the abdominal esophagus or delayed gastric emptying/ 
gastroparesis (injury of the nerve of Laterjet). Other associated complications are 
hemorrhages, spleen injuries caused by excessive pull of the stomach (for 
superficial or capsular lesions, hemostasis may be performed via TachoSil and 
splenectomy may be necessary for deep hematomas), gastric dilatation 
with/without aspiration pneumonia, diarrhea (direct effect of vagotomy), hiccups, 
mediastinitis, etc. [1, 7]. 


Pyloroplasty can be associated with false pylorectomy (the duodenum is opened 
instead of the pylorus) or large pyloroplasty, with subsequent risk of wound 
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dehiscence [7]. 


Gastrectomy can be associated with a risk of postoperative wound bleeding, 
suture dehiscence, peritonitis, subphrenic abscess, sepsis, infection of the 
abdominal wall and nonfunctional pyloroplasty (delayed gastric emptying). 


Intraoperative Hemorrhages primarily occur during the preparation of the 
stomach and duodenum (injuries of the left and right gastroepiploic artery, left 
gastric artery, gastroduodenal artery and short gastric artery). Lesions of the 
common hepatic artery can occur during surgery of giant ulcers of the lesser 
curvature. The vessels of the transverse mesocolon (arteries and middle colic 
vein) can be damaged during preparation of the gastric posterior wall. These 
lesions are minimal but can induce ischemia, requiring segmental colectomy. 


Postoperative Hemorrhages can be an indicator of unrecognized intraoperative 
vascular damage and suggest a need for reintervention. For example, in one of our 
cases, partial gastrectomy was performed for a perforated peptic ulcer. After 
surgery and closure of the abdominal wall, an excessive amount of arterial blood 
was continuously released through the subhepatic drainage tube. Re-exploration 
identified the source of bleeding as the inadequate ligature of the left gastric 
artery. Hemostasis was performed, without other postoperative complications. 
Anastomotic hemorrhages can lead to the release of fresh blood through the 
nasogastric tube. Conservative hemostasis should be performed, but 
reintervention with hemostasis in the suture line is sometimes necessary. 


During gastrectomy, the following organs can be injured: pancreas (leading to 
pancreatitis, fistulae and suture dehiscence), spleen, liver and colon (very rarely, 
during preparation of the greater curvature). Intraoperative spleen lesions are 
caused by intensive pulling of the stomach, or injury via abdominal spatula. 
Hemoperitoneum can be associated. In some cases, splenectomy is necessary. 


Intraoperative injuries of the bile ducts occur in large ulcers penetrating the hilum 
of the liver or pancreas. The common bile duct (CBD) may be injured during the 
preparation of the duodenum, or tilting of the duodenal stump. This injury can 
result from a lack of continuity, hematoma or ligature of the common bile duct, 
which manifests as bile leaking. Failure to identify the injury leads to 
postoperative biliary peritonitis or mechanical icterus. Injuries of the papilla of 
Vater occur in patients with highly localized papilla or overprepared duodenum. 
Disinsertion of the papilla is a serious lesion that is difficult to treat. 


Incorrect reconstruction of the gastrointestinal tract can be followed by suture 
dehiscence, internal hernia, recurrent ulcer, peritonitis, etc. Vomiting, fever and 
leukocytosis are usually associated. 
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Postoperative ileus is a severe, life-threatening lesion that can be caused by 
internal postoperative hernia, peritonitis and intestinal adhesions [1, 7]. 


Surgery of Gastric Tumors 


Preoperative Errors 


Incorrect Surgical Indication for gastrectomy can be the result of weak 
investigation of the patient and lack of or improperly performed biopsy. For 
example, gastric wall rigidity can be induced by a tumor, but gastric ulcers or 
pancreatitis can also be associated with increased resistance of the gastric wall. 
Moreover, a diagnosis of lymphoma established upon biopsy can be an indicator 
of non-surgical therapy [1]. 


Incorrect Preoperative Tumor Stage refers to improper evaluation of the 
metastatic status. For example, hepatic metastases should be attentively 
differentiated from hemangiomas or cystic nontumor lesions upon CT or MRI 
scan. Hemangiomas present as hypoattenuated masses upon ultrasonographic 
examination, and, in contrast CT scans, progressive iodophilia from the periphery 
to the center, from the arterial through the venous/delayed phase, are seen, with 
the specific feature of “tongues of fire”. The metastatic nodules are primarily 
subcapsularly located (Fig. 17-2), whereas cystic benign lesions involve the inside 
parenchyma [40, 41]. 





1 


Fig. (17-2). Upon contrast CT scan examination, hepatic hemangioma displays a progressive iodophilia from 
the periphery to centrum (left) versus capsular retraction in liver metastases (right). 


For example, in one of our cases, endoscopic examination revealed a large antral 
carcinoma that was histologically confirmed. The abdominal CT scan indicated a 
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2.5 cm metastatic nodule in the second segment of the liver, and the patient was 
declared as inoperable (the hematocrit was 24%). However, due to obstructive 
symptoms, surgery was nevertheless initiated and the supposed hepatic liver was 
found to be a hemangioma. The patient is still alive. This case highlights the 
necessity of very attentive differentiation of liver metastases. In difficult cases, 
suspected hepatic metastasis or peritoneal carcinomatosis can be certified through 
laparoscopic biopsies. 


Intraoperative Errors 


Incorrect Assessment of Unresectability primarily depends on the surgeon’s 


experience. For example, suprapancreatic adherence as a result of lymph nodes 
metastases around the celiac trunk, or tumor penetration into the pancreas, does 
not signify unresectability if R, resection can be performed [1]. 


Incorrect Achievement of Radical Tumor Resection can be caused by failure to 


respect oncologic principles. Based on international guidelines, the upper edge of 
the resectomy should be performed at 6-8 cm distance from the tumor, and the 
lower edge at 2-3 cm from the pylorus. For radical resection of a gastric tumor, 
subtotal, total and superior polar gastrectomy, as well as total 
esophagogastrectomy, are recommended. To obtain a complete R, resection, the 
small and large omentum should also be removed. 


The Japanese Gastric Cancer Association (JGCA) recommends assessment of the 
upper edge of the resection based on the T stage: for the T2 stage, this edge 
should be from 3 cm (for macroscopic Bormann’s type 1, 2) to 5 cm (for 
macroscopic Bormann’s type 3, 4 and for tumors with esophageal involvement) 
from the tumor, whereas, for the T1 stage, a distance of 2 cm is proposed [42 - 
44]. 


JGCA also recommends quick histological analysis of the resection’s edge for R, 
resection in order to guarantee the free resection margin. Based on this 
intraoperative assessment, they categorize the curative treatment of gastric cancer 
as standard, non-standard or extensive. For standard gastrectomy, two thirds of 
the stomach are removed and D, lymphadenectomy is performed. For non- 
standard gastrectomy, subtotal gastrectomy (below two thirds) and D1 
lymphadenectomy is executed. Extensive surgery includes gastrectomy, resection 
of other organs, hepatic metastasectomy and extended lymphadenectomy (more 
than D, resection). Gastrectomy is classified as total, distal, pylorus-preserving, 
proximal or segmental. For early gastric cancer, laparoscopic segmental 
gastrectomy or endoscopic resection is indicated [42 - 45]. 
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In cases of mandatory radical resection, Rọ can be obtained only with great 
difficulty. For example, in advanced tumors of the cardia, esophagectomy is 
difficult to obtain without thoracotomy. It is also challenging to preserve the 
spleen or perform splenectomy. Non-extended lymph node resection, especially in 
advanced cases, can cause tumor relapse. JGCA advises that the extension of 
lymphadenectomy be based on T stage: D, lymphadenectomy is recommended for 
T,a cases (that do not match the criteria for endoscopic resection) and T,bN, 
tumors, D, lymphadenectomy is used for T,-T, resectable or cT,N+ tumors, as 
well as in all cases in which lymph node metastases are suspected, while 
extension beyond D, is reserved for advanced stages with potential curative 
gastrectomy [42 - 44]. 


Incorrect Reconstruction can be followed by several postoperative 
complications. For example, in patients undergoing distal gastrectomy, 
performing Billroth-I gastroduodenostomy can result in taut anastomosis, suture 
dehiscence and/or recurrence. Some types of _ reconstruction 
(esophagoduodenostomy, esophagojejunostomy with omega loop and Braun 
anastomosis, esophagoduodenostomy with short Roux loop) can cause biliary 
reflux. Malnutrition can be a consequence of a Roux-Y loop that is too long. 
Suture material-related complications relate, for example, to monofilament- 
induced foreign body granuloma [1]. 


Other Intraoperative Complications include the following lesions: hemorrhages 
(following lymphadenectomy or lesions of the capsule of the spleen), drainage- 
related complications and co-injuries of other organs/structures, such as the CBD, 
portal vein, common and proper hepatic artery, pancreas and colon [1]. 


Postoperative Errors 


Early Postoperative Complications include the following lesions: hemorrhages 
(suture dehiscence, intraoperative vascular injuries, spleen rupture), pancreatic 
fistulae (occurring after resection of the pancreatic tail and potentially leading to 
left subphrenic abscess), postoperative pancreatitis (as a result of intraoperative 
pancreas resection or postoperative shock), bile leakage (due to liver or bile ducts 
injuries), suture dehiscence (associated with fever, pain, dyspnea and 
leukocytosis, and potentially inducing life-threatening septic shock), duodenal 
stump insufficiency (a rare complication in which duodenum and pancreas fluids 
flow through the drainage tube, inducing skin irritation around the drainage tube), 
abscesses formation (subphrenic, intraperitoneal), mechanical ileus (as a result of 
visceral adherences or adherences around the drainage tube if it is left in for too 
long) and lymphorrhagia (following extended lymphadenectomy) [1]. 
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Late Postoperative Complications include the following main lesions: alkaline 
reflux esophagitis (caused by errors in reconstruction, presenting with retrosternal 
burning sensation and ingestion difficulties), anemia (absence of the intrinsic 
factor) and anastomotic stenosis [1]. 


IATROGENIC LESIONS IN SURGERY OF THE SMALL INTESTINE 


In most cases, emergency surgery is performed for mechanical ileus. Errors can 
involve the indication of the surgery and a longer obstruction period, associated 
with a higher risk of intestinal necrosis. 


Intraoperative Complications can be associated with improper intestinal 
preparation or surgery technique. Incorrect surgical preparation, without 
equalization of fluid and electrolyte balance, is an error. Even a few hours, small 
intestinal ileus can cause hypovolemia which affects the circulatory, respiratory 
and renal systems. Hypotonia, anuria and high serum levels of urea and creatinine 
delay surgical intervention. The short but intensive preoperative preparation is 
important, as is monitoring of the central venal pressure and the amount of urine. 
An important aspect of preoperative preparation is the insertion of the nasogastric 
tube. This helps to monitor the amount and quality of the fluid and decompresses 
the stomach to prevent accidental aspiration. 


Surgical incision should also be attentively planned. Midline laparotomy is 
primarily used. In cases of laparotomy performed along a previous incision, the 
colon, small intestine and omentum can be injured, resulting in further adhesions 
formation. For example, in one of our cases, a patient treated for abdominal 
trauma was transferred to our clinic, four days after surgery, with suspected suture 
dehiscence. Perforation of the small intestine was confirmed and sutured. 
However, symptoms of paralytic ileus and peritonitis later appeared. Upon 
reintervention, resuture was necessary, the second perforation being induced by 
adherences along the incision line. 


Intraoperative hemorrhages are the result of injuries to the mesenteric veins and 
can induce hematoma formation in the mesenteric tissue. 


During surgery, the small intestine must be fully checked, from the 
duodenojejunal flexure to the Bauhin valve, in order to exclude co-injuries, 
distally located adhesions or synchronous tumors that can cause postoperative 
complications and demand reintervention. At the same time, it is necessary to take 
into account the fact that the small intestine can be easily perforated and 
abdominal wall purulent inflammation can also be associated. This is why 
intestinal checking for decompression should be avoided. 
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Postoperative Complications primarily refer to anastomotic insufficiency. The 
risk of this lesion is greater following radiotherapy, cortisone use and obstruction 
of the mesenteric arteries, but technical errors, dense suturing-induced ischemia 
and inadequately chosen stapler can also increase this risk. The most common 
complications are fistulae formation, peritonitis and septic shock. 


A challenging issue relates to the postoperative ileus. Distinguishing paralytic 
from mechanical ileus is difficult, and mistaken reintervention for a paralytic ileus 
is a serious error with potentially life-threatening complications. Knowledge of 
the symptoms, physical examination (intensive peristalsis and vomiting in 
mechanical ileus versus absence of bowel sounds in paralytic ileus) and native 
radiography are necessary for a correct diagnosis. Moreover, the upper small 
intestinal ileus is not associated with abdominal distension, but convulsive pain is 
present and large amounts of fluid flow through the nasogastric tube. Contrast 
radiology with liquid agents can help to establish the diagnosis as it indicates the 
location of the obstruction. Postoperative ileus is also difficult to distinguish from 
postoperative paralytic state or Ogilvie syndrome. Adhesions appear from the 
second postoperative day and can induce a slowly but gradually developing 
mechanic ileus. The main consequences of postoperative ileus are septic shock, 
adhesions formation, perivisceritis, internal hernia and even postoperative shock 
and death. 


Postoperative complications of the abdominal wall include wound suppuration, 
wound dehiscence, foreign body granuloma formation and myositis ossificans [1, 
46]. 


IATROGENIC LESIONS IN SURGERY OF THE COLORECTAL 
SEGMENTS AND APPENDIX 


Surgery of the Colon and Rectum 


Preoperative Errors 


Incorrect Surgical Indications for colectomy include the tumor location, 
preoperative stage and improver evaluation of the patient’s status [1]. 


Incorrect Patient Preparation refers to several aspects, including preoperative 
antibiotic prophylaxis. On the day of the surgery, it is necessary to administer 
antibiotics to maintain the integrity of colonic flora. Moreover, cleaning of the 
colon is especially indicated in associated stenosis. In highly contaminated colons, 
Hartmann’s procedure or colostomy might be necessary [1]. 
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Intraoperative Complications 


Surgical Technique-Related Complications can depend on the type of technique 
and the surgeon’s experience. For example, right hemicolectomy is not mandatory 


to include in resection of the transverse colon — tumors on the distal sigmoid and 
upper rectum can be removed using Dixon’s procedure (anterior resection of the 
rectosigmoid colon), whereas tumors of the lower rectum can be excised through 
abdominoperineal rectum extirpation [47, 48]. 


Intraoperative Hemorrhages can be the result of injuries of the pericolonic or 
presacral blood vessels during preparation, with further formation of a hematoma 
in the mesocolon. During preparation of the splenic flexure, the lower pole of the 
spleen can be damaged, especially in obese patients. This injury is primarily 
superficial (subcapsular hematoma) and can be followed by hematoma or 
adherences formation. Deep intraparenchymatous hematomas can require 
splenectomy. However, it is important to examine the left subphrenic region and 
the origin of the blood accumulation after the preparation of the splenic flexure [1, 
7]. 


Errors Related to the Extension of Resection relate to functional disorders or the 


necessity of extension in cases of vascular injury-related colonic ischemia. 
Unnecessary large resections can be performed for benign tumors in patients if 
they are not correct investigated or if a biopsy is not preoperatively performed [1, 
7]. 


Ureteral Injuries can involve partial or complete perforation. Oral administration 
with tea of methylene blue solution aids identification of such potential injuries 
(blue drainage fluid) that can predispose the patient to fistulae formation. Blue 
mucus excreted through the drainage tube can confirm the necessity of an 
abdominal CT scan using contrast agents. Unilateral ureteral injuries can occur 
after right or left hemicolectomy, whereas bilateral injuries can be complications 
of Dixon’s procedure or abdominoperineal rectum extirpation [1, 7]. 


Injuries of the Gallbladder and Biliary Ducts occur especially in patients with 


previous cholecystectomy and presence of adherences between the hepatic flexure 
of the colon and the gallbladder. Debulking can induce injuries and colonic 
rupture can be followed by peritonitis and septic shock. Because damage to the 
gallbladder leads to biliary flow, examination of the integrity of the biliary tracts 
should be performed after removing the gallbladder [1]. 


Hepatic Injuries can be complications of surgical removal of tumors located on 
the hepatic flexure or transverse colon, especially in associated adherences. Injury 
to the liver caused by abdominal spatula can also occur [1]. 
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Injuries of the Stomach refer to lesions of the greater curvature of the stomach or 
its blood vessels (gastroepiploic artery or veins) during preparation of the stomach 
for removal of tumors located on the transverse colon [1]. 


Duodenal Injuries can occur after right hemicolectomy, during the mobilization 
of the hepatic colic flexure, especially in cases of duodenal infiltration. Treating a 
duodenal injury is a serious task for a surgeon, the risk of postoperative 
complications being quite high [1]. 


Injuries of the Terminal Ileus and/or Colon can occur during the preparation of 


the terminal ileus or hemicolectomy, respectively. In cases of intraoperative 
lesions, resection extension is required. Damage to the colon primarily occurs 
during the linear mobilization of the splenic flexure, especially in cases of forceful 
pulling. However, injuries can also occur during skeletonization. The main 
consequence is increased risk of postoperative infections [7]. 


Injuries of the Pelvic Organs primarily occur in cases of adherences between the 
sigmoid colon and ovary, uterus or bladder. The risk is even higher in females 
with previous gynecological surgeries. These injuries can also emerge during 
preparation of the rectum (lesions of the vagina or bladder). In males, prostatic 
lesions can be followed by hemorrhages or fistulae formation [1, 47, 48]. 


Anastomotic Complications primarily refer to taut anastomosis and suture 
dehiscence. Taut anastomosis is the result of manual, multilayered suturing, or the 
use of an inadequate stapler. However, multilayered sutures only provide “false 
security”, as stenosis leads to increased pressure, which causes suture dehiscence 
[1, 48]. 


Extension of Surgical Removal should be based on the tumor characteristics, the 
number of adherences, the patient’s age and status, comorbidities and 
postoperative quality of life (as large surgery can increase the risk of 
complications). The most difficult intraoperative decisions relate to the 
involvement of the following organs or structures: loops of the small intestine, 
ureters, uterus, ovaries, bladder, arteries and nerves [1]. 


Postoperative Complications 


Duodenal Suture Dehiscence can be identified through oral administration of a 
small dosage of tea containing methylene blue. In patients with dehiscence, a blue 
colored secretion will appear in the drainage fluid. The treatment can be 
conservative or surgical, depending on the quantity of the secretion and the 
symptoms (e.g., peritonitis). 
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Unidentified Ureteral Injury can lead to the formation of a urinary phlegmon. 
The symptoms and signs are fever, leukocytosis and the absence of bowel 
movements. Moreover, a large quantity of urine-scented fluid is excreted through 
the drainage tube. Orally administered methylene blue will be eliminated in the 
blue drainage fluid/urine. Ligation of the ureter can cause obstruction, which can 
be confirmed via a CT scan using contrast agents or urography [7]. 


Postoperative Hemorrhages can be detected by blood release through the 
drainage tube. Reintervention is chosen based on bleeding severity. Blood can 
accumulate in the abdominal cavity (right/left subphrenic area, Douglas pouch, 
abdominal cavity), leading to superinfection and abscesses formation, and 
demanding reintervention. Rectorrhagia can be an indicator of bleeding from the 
suture line. In other cases, intraluminal hematoma can induce mechanical ileus [1, 
7]. 


Anastomotic Insufficiency is a dreaded complication of colon surgery. Its 
occurrence is determined by general (biological condition of the patient) and local 


factors, of which the most important is the technique of the anastomosis. It can be 
partial or total, with local (abdominal pain, meteorism, suppuration of the surgical 
wound, fecal excretion through the drainage tube or stercoral fistula) or systemic 
symptoms. Its occurrence on the third to fifth postoperative day is an indicator of 
a technical error, comorbidities (malnutrition, other malignant tumors, DM) or 
some drug administration (chemotherapeutics, immunosuppressive drugs and 
NSAIDs). Suture dehiscence, which forms after the eighth to 12" postoperative 
day, is usually caused by ischemia, taut anastomosis or a too tightly sutured 
anastomosis [1, 7]. 


Gastric Emptying Dysfunction should be suspected in patients who present early 
postoperative vomiting or release of a large quantity of gastric secretion through 


the nasogastric tube. This complication can occur after resection of the transverse 
colon or extended left hemicolectomy. In these cases, the colocolic anastomosis or 
colorectal anastomosis can be constricted by the duodenal flexure, causing ileus 
and further gastric complications. After left hemicolectomy, to prevent 
complications, the transverse colon should lead to the rectum through a 
transmesenteric or retroperitoneal route, followed by colorectal anastomosis [1, 
48, 49]. 


Complications of Colostomy and Ileostomy 


Colostomy and ileostomy involve the creation of a stoma on a segment of the 
colon or the terminal ileus. Such a stoma can be temporary or permanent. In the 
case of permanent stomas, distally situated colic, rectal and anal parts are 
completely removed. The stoma can also be made permanent by bringing the 
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transected intestine’s oral end to the surface of the skin, allowing the intestinal 
contents to excrete through it. This can be performed in a lateral manner, when 
the loops of the colon or ileus are pulled out to the surface of the skin. This loop 
constitutes the ileostomy or colostomy. The stoma is an infirmity for the patient, a 
psychological burden that is difficult to handle, and therefore it is necessary to 
explain the circumstances to the patient and seek their consent. 


Errors during Stoma Creation can relate to its location (it should be situated 4-6 
cm from the laparotomic wound). Stomas created at the level of the surgical 
intrusion can cause wound suppuration and dehiscence, and can demand 
reintervention. In associated high-pressure contexts, the exteriorized intestinal 
segment can slip back or its vascularization can be damaged, inducing necrosis. 


Suturing the intestinal segment to the peritoneum and skin aids proper healing and 
security. In cases of partial suturing or lack of suturing, small intestinal loops can 
wedge in or the extracted intestine segment can slip back. 


Another important point regards the aspect of the stoma after its creation. It is 
important to ensure that the intestinal segment is easily brought to the surface of 
the skin. Usually, when creating the opening, it is an accepted principle that the 
stoma allows the easy insertion of the surgeon’s two fingers [1]. 


Postoperative Complications include the following lesions: retraction of the 
intestine’s loop (with early stercoral peritonitis or pyostercoral phlegmon and late 
stenosis of the loop), hemorrhages (from the blood vessels supplying the 
intestine’s loop or from the surface of the transected loop), loop necrosis, 
peristomal skin irritation, peristomal abscess (due to incorrect joining of the skin 
and mucosa, suture stitching through the intestinal wall, loop retraction or 
superinfection of the peristomal hematoma), peristomal evisceration (due to a 
large stoma opening or the loops not being fixed to the layers of the abdominal 
wall, or cases of suppuration of suture dehiscence), stoma stenosis, prolapse of the 
mucosa and peristomal hernia [1, 7]. 


Surgery of the Appendix 


Incorrect Surgical Indication for appendectomy primarily relates to improper 
preoperative examination and the surgeon’s lack of experience. 


Incorrect Surgical Preparation is rarely encountered, acute appendicitis usually 
not requiring specific preparations. Associated comorbidities or disorders of the 
fluid and electrolyte balance should be attentively corrected. For antibiotic 
prophylaxis, a single dose of metronidazole is usually administered in our clinic, 
and wide-spectrum cephalosporin is added for patients with peritonitis. 
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Intraoperative Complications during open or laparoscopic appendectomy mainly 
refer to incorrect penetration. The placement and size of the incision can cause 
difficulty in terms of location and preparation of the appendix. Associated 
peritonitis can cause postoperative complications, and relaparotomy can be 
necessary. Penetration performed without adequate exploration can cause 
technical difficulties and intestinal injuries with other late complications. The 
small intestine and cecum are primarily affected. 


Intraoperative hemorrhages from the meso-appendix can be caused by injury to 
the appendicular artery or slipping of the ligature. Hemostasis is usually difficult, 
in which case the incision should be expanded and the cecum sometimes excised. 
Purulent inflammations, such as peritonitis, can be caused by rupture of the 
appendix. Injury of the muscles of the abdominal wall can also occur 
intraoperatively. 


Postoperative Complications include the following lesions: hemorrhages (e.g., 
hemoperitoneum), abscesses (Douglas abscess, internal abscesses, appendix 
stump abscess), fistulae, mechanical ileus (caused by peritonitis or adhesions), 
superinfection of the surgical wound (injury of the gangrenous or phlegmonous 
appendix) and late consequences of injuries to the abdominal wall (hematoma 
formation, wound suppuration, abdominal wall abscess, incisional hernia) [1, 7]. 


IATROGENIC LESIONS IN SURGERY OF THE LIVER, 
GALLBLADDER, BILIARY TRACT AND PANCREAS 


Surgery of the Liver 
Liver Cysts, Echinococcosis 


Incorrect Surgical Indication for hepatic cysts can occur as a result of their 
confusion with metastases, though this is rare in the era of development of 
medical imaging technology. Echinococcosis is usually treated with antiparasitic 
drugs (mebendazole), and only large cysts (greater than 5 cm) and cysts 
unresponsive to medicinal treatment indicate resection. However, laparoscopic 
excision of echinococcosis liver cysts can be performed once parasite spreading is 
prevented. Punction is insufficient, as the cavity of the cyst can refill in time. 
Percutaneous drainage is part of the procedure, with emptying of the contents and 
resection of the wall being performed via fenestration and pericystectomy. 
Percutaneous drainage can be performed and sclerotherapy is required [1, 50]. 


Intraoperative Complications include the following lesions: scattering of the 
cyst’s contents (with risk of peritoneal hydatidosis; to avoid this risk, aspiration of 
the cyst’s contents and neutralization with hypertonic solution can be performed), 
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hemorrhages (rupture of the hepatic parenchyma during fenestration or 
pericystectomy), bile leakage, burning (historically backfires in cases where 
neutralization with alcohol is followed by electric knife resection) and remnant 
cysts (in multiple lesions). 


Postoperative Complications include the following lesions: hemorrhage, bile 
leakage (due to undetected intraoperative injuries of the biliary tracts and veins), 
superinfection and abscesses formation (due to insufficient fenestration or 
resection of the pericyst). 


Primary Liver Tumors 


Incorrect Preoperative Estimation of Resectability can induce several 
intraoperative complications. For primary tumors, 30% of the liver parenchyma 
should remain intact (with 1-2 cm free margins), this requirement rising to 40% in 
patients with liver cirrhosis [1, 51]. 


Intraoperative Complications primarily refer to hemorrhages (injuries of the 
portal vein, inferior cava vein, hepatic vein, hepatic artery), perforation of the 
CBD and injuries of the diaphragm (during the transection of the falciform 
ligament or tumors with adherences) [1]. 


Postoperative Complications include the following lesions: hemorrhages, bile 
leakage (resection of the small biliary ducts) and functional disorders. 


Surgery of the Gallbladder and Biliary Tracts 


Incorrect Surgical Indication is difficult to estimate in an era of 
cholecystectomy as a daily surgical intervention. However, although malignant 
transformation of cholecystitis is a known possibility, there are still physicians 
who indicate antibiotherapy as an acute process, and patients known to have 
gallbladder stones for 10-15 years admitted with gangrenous cholecystitis and 
histologically confirmed gallbladder carcinoma. In one of our cases, cholelithiasis 
was diagnosed during pregnancy, inducing biliary pancreatitis during lactation. 
These cases are not easy to manage. In elderly patients with severe comorbidities 
and no significant complaints, surgical intervention is not always indicated. 


Differential diagnosis of cholecystitis from peptic ulcer, right colon tumor, early 
pancreatic head tumor and cardiovascular diseases should be very attentively 
assessed. For example, a patient with cholelithiasis and severe retrosternal pain 
was transferred to our department and laparoscopic cholecystectomy was 
performed. At three hours after surgery, sudden death occurred as a result of a 
preoperatively unidentified dissection of the thoracic aorta. In another case, the 
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patient died a short time after surgery, and rupture of a preoperatively unidentified 
aneurysm of the thoracic aorta was found upon autopsy. For cases involving 
cholecystitis, the cardiologist must offer their opinion and consent for surgery. 
Moreover, complaints that persist after cholecystectomy demand further 
examination. 


In patients with cholecystitis, bile tract stones and jaundice, preoperative ERCP 
and sphincterotomy must be performed, followed by laparoscopic 
cholecystectomy. During laparoscopic cholecystectomy, if choledocholithiasis is 
suspected, the surgeon can confirm it with a transcystic cholangiogram and 
remove it, or can decide to perform postoperative ERCP. The surgeon’s task is to 
choose the treatment with the lowest risk factor for the patient. 


The contraindications of laparoscopic cholecystectomy are advanced pregnancy, 
gallbladder carcinoma and severe comorbidities, such as decompensated hepatic 
cirrhosis and cardiorespiratory lesions [1, 7]. 


Intraoperative Complications during Open Cholecystectomy primarily include 
injuries of the bile ducts and/or biliary tract that can occur during preparation (due 
to intensive pulling of the cystic duct, ligation of the cystic artery or in patients 
with gangrenous or scleroatrophic cholecystitis). Biliary injuries (common or 
right hepatic duct) are more common in retrograde than antegrade 
cholecystectomy. Injuries of the liver parenchyma can occur during the 
preparation of the gallbladder or due to the use of a stomach spatula. 


Hemorrhages can result from vascular injuries during preparation (cystic artery, 
right hepatic artery) or originate from the gallbladder bed (in gangrenous 
cholecystitis). Monopolar electrocautery is not advised as it can damage the wall 
of the CBD. 


Other intraoperative complications include the following lesions: spread of 
infection (in patients with empyema), duodenal injuries (during gallbladder 
preparation), gallstone ileus, fistulae formation (cholecystoduodenal, 
cholecystocholic, cholecystocholedochal), injuries of the colon (in cases involving 
adherences between the gallbladder, colon, duodenum and great omentum) and 
incorrect placement of Kehr’s tube (with further postoperative complications) [1, 
7]. 


Postoperative Complications Following Open Cholecystectomy include the 
following lesions: wound infection, suture/wound dehiscence, fistulae, biliary 
peritonitis, bilirrhagia, angiocholitis (after choledochoduodenostomy) and 
mechanical jaundice (due to injuries of the biliary tracts, ligation or the presence 
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of stone remnants in the CBD). A nonfunctional Kehr’s tube can induce 
angiocholitis, biliary fistulae, septic gall retention or tube rupture [7]. 


Intraoperative Complications during Laparoscopic Cholecystectomy are rare, 
being primarily related to trocar misplacement. Intraoperative hemorrhage can 
arise from rupture of the liver during forceful gallbladder exertion, injury of the 
gallbladder bed during gallbladder preparation or injury of the cystic artery or 
right hepatic artery. Bilirrhagia can be a consequence of gallbladder injuries 
during exertion with pliers. Injury of the cystic duct or biliary ducts, forced 
dissection/preparation, close preparation of the CBD and infection spreading can 
also occur. 


Biliary tract rupture and severe hemorrhages require the conversion of 
laparoscopy into open surgery. Failure to recognizing bile duct perforation can 
cause postoperative bilirrhagia, peritonitis and jaundice. Rare injuries include 
lesions of the duodenum, colon, diaphragm, stomach, small intestine and colon [1, 
7]. 


Postoperative Complications Following Laparoscopic Cholecystectomy are rare 
and primarily involve postoperative hemorrhage (as a result of an unrecognizing 
intraoperatively vascular injury) and peritonitis (intraoperative duodenum or 
colon injury, or biliary peritonitis caused by injury of the biliary ducts). 


Bilirrhagia can be a consequence of injuries of the CBD. Early small quantities 
spontaneously cease, but reintervention with clipping of the damaged area is 
necessary for early large quantities. Late bile leakage is usually caused by cystic 
or primary biliary tract necrosis. 


Early jaundice can be a consequence of clipping of the extrahepatic biliary ducts, 
whereas late jaundice can be caused by angiocholitis or remnant biliary tract 
stones [1, 7]. 


Surgery of the Pancreas 


Preoperative Errors 


Incorrect surgical indications primarily refer to the optimal time for surgery. For 
example, in patients with acute pancreatitis, it is advised to avoid surgical 
intervention in the first 14 days. Moreover, premature and unnecessary surgeries 
increase postoperative morbidity and mortality risk. Surgical intervention is 
indicated for biliary pancreatitis, infected pancreatic necrosis, complications of 
pancreatitis and sterile pancreatic necrosis if the patient’s status does not improve 
after conservative treatment. 
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In patients with chronic pancreatitis, the main aim is to manage its complications. 
In many cases, chronic pancreatitis can be distinguished from malignant tumors 
only during intraoperative exploration. However, while it is considered an error to 
treat a benign lesion with radical surgery, as this exposes the patient to high risk, 
it is also considered a mistake to treat a malignant lesion with noncurative 


surgery. 


To avoid these inconveniences, a correct preoperative assessment should be based 
on modern medical imaging methods, such as ultrasound, CT, ERCP, endoscopic 
ultrasound examination and magnetic resonance cholangiopancreatography 
(MRCP), and also on needle biopsy. However, in some cases, distinguishing 
between benign and malignant tumors represents a diagnostic difficulty. 
Distinguishing pancreatic cystitis from malignant cystic mucinous neoplasms or 
chronic pancreatitis is also challenging. In these cases, it is necessary to perform 
biopsies from the cyst wall and also from the surrounding parenchyma and, in 
noneloquent cases, open surgery should be preferred over laparoscopic removal of 
the tumor. In one of our representative cases, a patient with non-Hodgkin’s 
lymphoma presented with a 2 cm cystic lesion in the tail of the pancreas 
associated with enlarged lymph nodes in the splenic hilum identified at CT scan. 
Due to severe splenomegaly, the hematologist transferred the patient for 
splenectomy. Open splenectomy with resection of the pancreatic tail, without 
intraoperative histological examination, was performed. The histopathological 
diagnosis was invasive ductal carcinoma of the pancreatic tail with invasion of the 
proximal resection margin. The lymph nodes assessment confirmed the non- 
Hodgkin’s lymphoma. Reintervention was necessary (subtotal pancreatectomy) 
and the patient is still alive. This case highlights the necessity of taking 
synchronous tumors into account. Moreover, remnant postoperative complaints 
demand supplementary investigation. In another case, laparoscopic excision of a 
cystic encapsulated lesion of the pancreatic tail, without a solid component 
reported at CT scan, was performed, and a benign cystic lesion was diagnosed 
under the microscope. A few weeks later, the patient presented with complaints 
that indicated cholecystitis. The CT scan also identified a solid infiltrating 
component in the remnant pancreas. Laparoscopic cholecystectomy was 
performed as the patient refused open surgery. This case highlights the necessity 
of extensive preoperative investigation of the cystic pancreatic lesions that can be 
associated, in many cases, with an invasive component. 


Before unresectability is determined, correct assessment of the CT-MRI is 
mandatory. In patients with tumors that infiltrate the superior mesenteric vein, 
partial or segmental vein resection can be performed by experienced surgeons. 
Invasion of the superior mesenteric artery is frequently considered unresectable. 
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However, in some cases, resection of the superior mesenteric artery and celiac 
artery can be performed along with the tumor [1, 7, 52 - 54]. 


Intraoperative Complications 


These complications can be related to incorrect preoperative preparation. 
Intraoperative hemorrhage is common in pancreatic surgery and preoperative 
blood supply is necessary (at a minimum of two units). For patients with 
mechanical jaundice caused by pancreatic tumors, endoprosthesis should be 
inserted during ERCP to prevent cholestasis. Correct surgical preparation is the 
result of proper cooperation between the surgeon and anesthesiologist, the latter 
being prepared for a lengthy surgery. It is also important to note that pancreatic 
radical surgeries present a significantly high risk of septic complications. 
Intraoperatively, it is also mandatory to perform a complete abdominal evaluation, 
even in extensively investigated patients. The Kocher maneuver of the duodenum 
and the opening of the bursa omentalis can be necessary for exploration. 
Intraoperative biopsy can also be performed in suspected cases. The following 
organs/structures can be injured: small intestine, liver, duodenum, stomach and 
bile ducts. Such injuries increase the risk of bile leakage, peritonitis and septic 
shock. 


Hemorrhages are the result of vascular injuries, the most commonly damaged 
vessels being the branches of the portal vein, superior mesenteric artery, splenic 
vein and artery, and middle colic artery. Ischemia of the transverse colon can be 
detected during hemostasis and demands segmental colectomy [1, 7]. 


Postoperative Complications 


Hemorrhages can occur as following pancreaticogastrostomy a result of 
dehiscence of vein ligation, spread of pancreatic necrosis through the vascular 
wall, or hemorrhage of the pancreatic stump (and can be accompanied by 
hematemesis). 


Pancreatic fistulae are the result of suture dehiscence of the pancreatic stump and 
can heal spontaneously using sandostatin. Biliary fistulae are caused by the 
necrosis or insufficient anastomosis of CBD and demand reintervention. 
Gastrojejunal fistulae are rare, being caused by anastomotic insufficiency. The 
severe consequences of fistulae are peritonitis and septic shock. 


In patients with a thin CBD, choledochojejunostomy is difficult to perform. For 
proper anastomosis, slowly absorbable monofilament, 4/0 or 6/0 atraumatic 
sutures and Volcker’s drainage are indicated. 
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Anastomotic suture dehiscence is usually an indicator of the insufficiency of 
pancreatic anastomosis, as a result of segmental necrosis of the pancreatic stump 
and postoperative pancreatitis or necrosis. 


Postoperative ileus is rare, being caused by expanded preparation during surgery, 
perivisceritis, septic processes or adhesions around a drainage tube that is kept in 
for too long. 


Other postoperative complications include angiocholitis (caused by the reflux of 
intestinal contents into the biliary tracts, commonly after choledochojejunostomy) 
and necrosis of the pancreatic stump (caused by damage to the pancreatic tissue or 
ducts during preparation or suturing) [1, 7]. 
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CHAPTER 18 


Iatrogenic Lesions in Obstetrics and Gynecology 


Bela Szabo" 
Department of Gynecology, University of Medicine and Pharmacy, Tirgu-Mures, Romania 


Abstract: Gynecological surgery is associated with general risks that also occur in 
general surgery, but specific lesions are frequently encountered. For example, due to 
the fact that the genital organs are closely related to the organs of the urinary tract, they 
can easily be injured. These injuries primarily include lesions of the urinary bladder 
and ureters, but intestinal and nerve damage can also occur. Regarding drugs, dose- and 
time-dependent effects are controversial. These effects include thromboembolic 
complications, myocardial infarction, cerebrovascular accidents and even the 
carcinogenic risk of development of an endometrium or breast cancer. 


Keywords: Cancer, Drugs, Gynecological surgery, Gynecology, Hormonal 
therapy, Intestinal lesions, Menopause, Nerve lesions, Side effects, Urinary tract 
lesions. 


COMPLICATIONS OF SURGICAL INTERVENTIONS 


In addition to the risks of general surgery, gynecological surgery has some 
specific characteristics and risks. 


Lesions of the Urinary Tract 


Due to the fact that the genital organs are closely related to the urinary tract, the 
urinary bladder is especially vulnerable to injury during gynecological surgery. It 
can be damaged in the process of opening the peritoneal cavity if the lower angle 
of the medial subumbilical incision is adherences between the bladder and the 
anterior abdominal wall can also cause its injury. The bladder can also be injured 
during total hysterectomy, as it is necessary to push the bladder down when 
performing this surgery. Another risk factor is preoperative radiotherapy for 
pelvic tumors. Although rare, surgical treatment of genital prolapse can also be 
associated with bladder injuries. These lesions should be sutured during surgical 
intervention, although minor lesions can heal spontaneously. Undetected lesions 
can cause uroperitoneum, peritonitis or vesico-vaginal fistulae. In some cases, 
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nonabsorbable suture material can accidentally be passed through the bladder wall 
and the urothelium during hysterectomy. This can act as a nucleus for the 
formation of foreign body granulomas or urinary sectioned too close to the 
symphysis. In patients with previous surgical interventions (e.g., cesarean 
section), calculi [1]. 


Lesions of the ureter are not so common but more serious complications. Based 
on a large body of data, it has been proven that at least one ureter is damaged in 
every 200 hysterectomies. Moreover, 50% of all iatrogenic ureter injuries occur 
during gynecological surgery, especially the surgery of cervical cancer 
(Wertheim’s hysterectomy). Minor lesions can go unidentified during surgery and 
are associated with postoperative complications, such as macroscopic hematuria, 
ureterovaginal fistulae or urinary leak through the wound during micturition. 
Postoperative treatment of ureteric lesions is usually performed by urologists [2 - 
4]. 


Intestinal Lesions 


These lesions primarily occur during the opening of the peritoneal cavity, being 
caused by the presence of adhesions between the intestines and anterior 
abdominal wall in patients with previous laparotomies. They can also occur 
during laparoscopic interventions, especially during insertion of the trocars. Large 
bowel injuries are severe complications of laparoscopic surgery that are reported 
in 0.62-1.6/1000 laparoscopy cases. The treatment involves simple suture or 
segmental resection of the bowel in large lesions or perforations. Rectal lesions 
can occur during delivery (expulsion of the presenting part) or during the 
postpartum period (repair of perineal tears) [5, 6]. 


Nerve Injuries 


These injuries occur in 1.1-1.9% of patients undergoing gynecological 
interventions. The main causes are malpositioning of the patient, incorrect 
placement of self-retaining retractors, hematoma formation, direct nerve 
entrapment and nerve transaction. 


Although it is more aesthetic, the transverse Pfannenstiel laparotomy is associated 
with a greater risk of nerve lesions than median incision. The abdominal wall can 
potentially lose tone and become flaccid. Damage to the obturator nerve can occur 
during radical surgery, usually without significant consequences. Lesions of the 
genitofemoral nerve or ilioinguinal nerve can cause paresthesia of the vulva and 
inner thighs. 
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During vaginal surgery, the lower limbs of the patient are immobilized and the 
knee joints lean on metallic supports. In prolonged interventions or prolonged 
compression (e.g., if the assistant leans on the knee of the patient), paralysis of the 
peroneus nerve can arise [7, 8]. 


ADVERSE DRUG REACTIONS IN OBSTETRICS AND GYNECOLOGY 


In gynecological practice, hormonal treatment represents the most common 
prolonged treatment, with controversy regarding the risk-benefit ratio. Further 
details regarding these drugs are presented in Chapter 10. 


Oral Contraceptives include estrogen and a progestin derivative. The estrogen 
component is ethynyl estradiol, but many progestin derivatives are available, 
involving several side effects, especially virilization. The side effects of 
contraceptive pills especially relate to their procoagulant properties. 
Thromboembolic complications are caused by the estrogenic component and 
emerge in 80/100,000 females taking a daily dose of ethynyl estradiol below five 
micrograms. At higher doses, this risk increases to about 112/100,000. The risk of 
myocardial or brain infarction is twice as high as that of nonusers, and even 
higher again in smokers. Considering these risks, there is a constant struggle to 
reduce the hormonal doses in contraceptive pills, the monthly dose being today 
lower than the daily dose used at the beginning of the 1960s [9, 10]. 


Hormone Replacement Therapy in Menopausal Females aims to abolish 
estrogen deficiency and prevent osteoporosis. However, this replacement is 
controversial. Monotherapy with estrogens proved to have a carcinogenic effect 
on the endometrium and breast. As a result, progestin components (with supposed 
protective effect on breast cancer) were added to these medications for some time. 
Nevertheless, some patients later developed breast cancer and the idea was 
abandoned. Moreover, synthetic progestins seem to stimulate secretions activity in 
rat endometrium and increase estrogens synthesis in the breast. In large 
multicentric trials, it has been shown that 41 of 10,000 women who used 
combined hormone replacement therapy in menopause presented noticeable time- 
dependent complications (eight with invasive breast cancer, seven with 
myocardial infarction, eight with pulmonary embolism, eight with brain infarction 
and 10 with peripheral vascular thrombosis). Considering the above-mentioned 
risks, initiation of hormone replacement therapy should be subject to a risk- 
benefit analys is [11, 12]. 
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CHAPTER 19 


Iatrogenic Lesions in Neurosurgery 


Alexandru Madaras and Nicolae Dorin Gherasim“ 
Department of Neurosurgery, Clinical County Emergency Hospital, Tirgu-Mures, Romania 


Abstract: Complications in neurosurgery can occur during diagnostic procedures, such 
as lumbar puncture, lumbar drainage, suboccipital cisternal tap or cerebral/spinal 
angiography, or during neurosurgical procedures. Severe complications during or 
subsequent to lumbar puncture are extremely rare and include brainstem herniation, 
infection, subdural hematoma and subarachnoid hemorrhage. Insertion of a catheter 
into the lumbar subarachnoid space to drain the cerebrospinal fluid (CSF) can also be 
followed by infection or overdrainage. The complications of cisternal tap include 
hemorrhage in the cisterna magna and piercing of the medulla oblongata that can cause 
cardiac or respiratory arrest. The iodine-based contrast agents used for cerebral 
angiography can cause allergic reactions and epileptic seizures. Iatrogenic 
complications during surgical procedures can occur at any stage pre-, intra- or 
immediately postoperative. Complications occur during patient positioning, rendering 
this step of paramount importance to the success of surgery. Infectious and cosmetic 
complications can occur during skin disinfection, incision of the skin of the scalp and 
surgical incision of the skull. Dural lesions can lead to cerebrospinal fluid leak or 
fistulae. Corticotomy or corticectomy should be realized cautiously and external to 
functional areas. Ligation or coagulation of brain vessels can lead to cerebral infarction 
(arterial or venous) with loss of cerebral function. Iatrogenic lesions in different regions 
of the brain lead to specific neurological manifestations. Lesions in the anterior fossa 
can lead to anosmia, abulia or behavioral alterations. Lesions in the middle fossa can 
lead to aphasia and motor deficits, while lesion in the posterior fossa can lead to cranial 
nerve deficits or coma. 


Keywords: Anosmia, Aphasia, Brachial Paresis, Brain swelling, Brainstem 
herniation, Cerebrospinal fluid fistula, Chemical external otitis, Corticotomy, 
Duraplasty, Hearing loss, Ischemic stroke, Lumbar puncture, Meningitis, 
Osteonecrosis, Skull deformities, Thalamic infarction, Tonsillar herniation, 
Venous air embolism, Venous infarction, Ventriculitis. 
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IATROGENIC LESIONS DURING DIAGNOSTIC PROCEDURES 


Lumbar Puncture 


In adults, the conus medullaris is located rostral to the termination of the thecal 
sac, being situated at the level of the L1-L2 vertebral bodies in the majority of 
cases. High (T12-L1) or low (L2-L3) variants of the conus medullaris are also 
encountered. A safe lumbar puncture should be realized at the level of the 
intercristal line (L4-L5). Following puncture, the overall risk of disabling or 
persistent symptoms is 0.1-0.5% only [1]. Severe complications are extremely 
rare and include brainstem herniation, infection, subdural hematoma and 
subarachnoid hemorrhage [2]. Tonsillar herniation can be acute, as in the case of 
an intracranial mass or a chronic lesion. Chronic herniation, also called acquired 
Chiari I malformation, is especially commonly reported following multiple 
traumatic lumbar punctures. Other possible complications are the following: 
infection (e.g., spinal meningitis), spinal headache (usually positional), spinal 
epidural hematoma (usually associated with coagulopathy), spinal epidural 
collection of the cerebrospinal fluid (CSF), transplantation of the epidermal tissue 
via the needle with further development of a tumor, nerve root lesion by the 
needle (which can cause transient radicular pain), intracranial subdural hematoma 
or hygroma and sudden hearing loss. The latter may occur due to the drop in 
perilymph pressure through the cochlear aqueduct [1 - 3]. 


Lumbar Drainage 


Insertion of a catheter into the lumbar subarachnoid space for the purpose of 
draining the CSF can be followed by: infection, overdrainage (if the drainage bag 
is situated too low), disconnection of the catheter and pneumocephalus. The latter 
can occur if the drainage occurs below the site of the CSF fistula and the air can 
be drawn through the fistula tract. 


Cisternal Tap 


This is an invasive procedure performed to achieve suboccipital access to the 
cisterna magna. It is usually realized with the patient in a sitting position with 
their neck flexed. The distance from the skin surface to the cisterna magna is 
about 4-6 cm, and from the dura to the medulla is 2.5 cm. Due to the tenting of the 
dura, the needle may infrequently touch the medulla. Peri-invasive complications 
include hemorrhage in the cisterna magna (due to perforation of a large vessel) 
and piercing of the medulla oblongata, which can cause cardiac or respiratory 
arrest [4]. 
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Cerebral Angiography 


This represents the gold standard in the diagnosis of cerebral vascular 
malformations (brain aneurysms, arteriovenous malformations, dural fistulae, 
etc.). Before Seldinger’s technique was developed, cerebral angiography was 
realized through a direct carotid tap, meaning that bleeding to the puncture site 
could lead to a local compressive hematoma and respiratory distress. With 
Seldinger’s technique, the usual puncture site is the femoral artery. Traumatic tap 
at this site can cause local hematoma that can extend into the retroperitoneal 
space. Transient femoral nerve injuries may also occur. The iodine-based contrast 
agents used for cerebral angiography can cause allergic reactions and epileptic 
seizures [5]. 


IATROGENIC COMPLICATIONS DURING SURGICAL PROCEDURES 
Patient Position-Related Complications 


Patient positioning is a key step during any surgical procedure and significant 
time must be spent to ensure that the position is as comfortable as possible for the 
patient, while offering, at the same time, the best approach for the surgeon. The 
sitting position for posterior fossa approaches can lead to venous air embolism, 
the mechanism of which involves perioperative negative pressure in the venous 
system of the head. Meticulous hemostasis, even for small bleedings, is 
mandatory [6]. The park bench position for cerebellopontine angle tumors can 
lead to brachial plexus elongation, while the lateral position can lead to 
contralateral axillary compression and brachial paresis. Head positioning is also of 
paramount importance. Forced rotation and flexion of the head can lead to 
impaired venous drainage, brain swelling and, in extreme situations, cervical 
luxation. 


Lesions of the Skin and Scalp 


During skin disinfection, surgical antiseptics can induce chemical conjunctivitis 
(if they reach the eye) or chemical external otitis (if they reach the ear). In cases 
of contact of the tympanum with iodine-based antiseptics, hearing impairment can 
arise. 


Incision of the skin of the scalp should be performed behind the hairline in order 
to prevent unaesthetic scaring. Arcuate incisions of the scalp should have a fairly 
large pedicle in order to prevent scalp necrosis. In scalp lacerations, excision of 
the skin should be realized in a controlled manner in order to prevent skin defects. 
Tight suture of the skin can lead to scalp necrosis. 
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Surgical incision of the skull can also be followed by specific consequences. 
Craniotomy represents an important step of the surgical approach and should be 
carefully performed. If the bone is thin or infiltrated by tumor, the drill could 
pierce inside the skull and produce dural or brain injury. In depressed skull 
fractures, removal of bone fragments embedded in the dural sinuses can lead to 
life-threatening hemorrhage [7]. After surgery, improper bone repositioning can 
induce bone defects and unaesthetic skull deformities. Devascularized bone leads 
to osteonecrosis. 


Dural Lesions 


Before cutting the dura, the surgeon should always perform dural suspension on 
the overlying bone in order to prevent extradural hematoma formation. During 
dural suspension, special attention should be paid to the underlying subarachnoid 
vessels. Dural incision should be as thin and delicate as possible, using 11 or 15 
blade scalpels and microscissors. 


Duraplasty with bovine dura mater can lead to Creutzfeldt-Jakob disease. 
Inadequate dural manipulation or coagulation during tumor removal along the 
skull base can lead to CSF leakage. Tight dural closure is necessary in order to 
prevent CSF fistulae. Superior sagittal sinus ligature can be followed by venous 
infarction, especially in patients with ligature realized in the middle or posterior 
third [8]. 


Cerebral Lesions 


Incision of the cerebral cortex is an extremely delicate procedure and must be 
carefully weighted. The corticotomy/corticectomy must be realized in as 
minimally invasive a manner as possible and externally to functional areas. 


Vascular Lesions 


Open lesions of the large arteries, such as the internal carotid artery or venous 
sinuses (superior sagittal sinus, transverse sinus, sigmoid sinus), can lead to 
catastrophic/fatal bleeding. Ligation or coagulation of brain vessels can lead to 
cerebral infarction (arterial or venous) with loss of cerebral function. 


Iatrogenic Lesions Depending on the Location of Surgery 


Anterior cranial fossa — inadequate manipulation of the frontal lobe, during a 
subfrontal approach, can lead to olfactory nerve injuries and consecutive anosmia. 


Sella turcica — this represents an important anatomical landmark, with vital 
nervous and vascular structures in and around the sella turcica. Manipulation 
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and/or damage to the pituitary stalk can lead to diabetes insipidus [9]. Opening of 
the cavernous sinuses can lead to severe bleeding and paresis of the oculomotor 
nerves (II, IV and VI). Manipulation of the optic nerves and chiasm can lead to 
loss of vision. Any injury to the internal carotid artery can lead to catastrophic 
bleeding or extensive cerebral infarction. 


Middle cranial fossa — inadequate manipulation of the frontal and temporal lobes 
on the dominant hemisphere can lead to aphasia. In subtemporal approaches, care 
should be taken regarding the vein of Labbe, as its perforation can lead to 
significant vein infarction and brain swelling. Occlusion of the posterior 
communicating artery or anterior choroidal artery during aneurysm surgery leads 
to thalamic infarction. 


Posterior cranial fossa — when removing the vestibular schwannomas through a 
cerebellopontine angle approach, injury to the cranial nerves can lead to facial 
paresis, hearing loss or swallowing difficulties. When approaching vestibular 
schwannomas through a translabyrinthine approach, transotic CSF fistulae can 
occur [8]. Injury to the rhomboid fossa on the fourth ventricle floor can cause 
brainstem infarction or facial paresis. Opening of a posterior fossa with increased 
intracranial pressure can lead to cerebellum herniation and infarction. 


CAUSES OF IATROGENIC LESIONS 


These causes can be defined by three phrases: “iatrogenic lesions are always 
realized by others”; “a surgeon’s imagination is too weak to explore the diversity 
of iatrogenic complications that might occur”; and “the majority of iatrogenic 


lesions can be avoided and, if promptly recognized, safely treated”. 
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